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ABSTRACT 


Laser optical radar techniques have been applied to the measurement 
of Raman backscatter in the atmosphere by nitrogen, oxygen, and water 
vapor. Ratios of the water vapor to nitrogen Raman return signals have 
been compared to independent radiosonde measurements of water vapor 
mixing ratio. Initial experiments performed using a dual monochromator 
indicated good agreement to altitudes above 1 km. In later experiments, 
using interference filters, agreement was good to altitudes above 3 km, 
with some disagreement evident below 1 km. The disagreement below 1 km 
may be due to relatively intense aerosol scattering not totally blocked 
by interference filters used to select the Raman band. 

A concise treatment of Raman and Rayleigh scattering by molecules 
is presented for the geometry of the optical radar system and includes 
calculations of Rayleigh and vibrational Raman backscatter cross sections 
for nitrogen and oxygen, including rotational fine structure. 

A detailed description of the optical radar system is given along 
with a noise analysis of Raman backscatter in the atmosphere. 

In addition, the ratio of the elastic scattered return to the 
nitrogen return signal has been compared to the results of a balloon- 
borne dust photometer, with good agreement to above 3 km. Raman optical 
radar measurements of both water vapor and aerosol mixing agree with a 
qualitative analysis of turbulent mixing in the atmosphere. 


xiv 



RAMAN BACKSCATTER OF LASER RADIATION IN THE EARTH’S ATMOSPHERE 


I. INTRODUCTION 


Detailed measurements of molecular and aerosol constituents in the 
earth's atmosphere are necessary for the construction of atmospheric models 
and also to define the state of the atmosphere. Radiosonde measurements 
of temperature , wind velocity, and relative humidity as a function of 
pressure-altitude are routinely made in the lower atmosphere. The 
primary purpose of the radiosonde measurements is to indicate synoptic 
weather patterns and to make predictions, but they may also provide 
basic molecular information such as total number density and water vapor 
profiles. Such measurements are made with instruments attached to slow 
rising balloons (1,000 ft/min) whose lateral position is determined by 
the horizontal wind velocity and, in consequence, such measurements 
represent neither an instantaneous nor a true vertical profile. 

Remote light scattering techniques have provided a measure of the 
aerosol distribution in the earth's atmosphere. In 1930, Synge ^ ^ ... 
suggested a searchlight technique to measure atmospheric 

properties by observing light scattering by the atmosphere. Subsequently, 

(2-5 ) 

other investigators have studied the atmosphere using this technique. 

With the development of the high-powered pulsed laser, providing an 
intense source of light, new emphasis was placed on light scattering as 
a remote technique for sensing atmospheric constituents. Fiocco and 
Smullin^ first reported observations of backscattered radiation from 
the atmosphere using a ruby laser optical radar system. Other investi- 
gators using the optical radar technique to study the atmosphere include 


2 
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Bain and Sanford, ^ Collis and Ligda, and Kent, Clemesha and 

(Q) 

Wright . ' These research programs have primarily been concerned with 
the observation of high-altitude aerosol layers, including mesospheric 
layers and the 20 km dust layer. 

In a detailed study of the state of the atmosphere, individual 
molecular profiles should be measured. The molecular species 
in the lower atmosphere include water vapor and other trace constituents 
including pollutants, and nitrogen and oxygen for altitudes above 80 km. 
Schotland^^ has examined absorption techniques using an optical radar 
system to infer water vapor profiles. Bowman, Gibson and Sandford^^^ 
have reported the observation of resonance scattering from sodium at an 
altitude of 90 km. The observation of Raman backscatter by a particular 
molecular species, using an optical radar system, provides a basic 
technique to quantitatively measure individual molecular constituent 
profiles. 

The observation of Raman backscatter from atmospheric nitrogen and 
oxygen was first reported by Leonard in 1967 , using a pulsed nitrogen 
laser. Later Cooney ^5) observed nitrogen Raman backscatter to an 
altitude of 2 km. In 1969# Melfi, Lawrence and McCormick ^ reported 
the first observation of Raman scattering in the atmosphere by water 
vapor molecules, using a frequency doubled ruby laser. Early in 1970, 
Cooney ^5) ai so reported the observation of Raman scattering by water 
vapor. Very recently, Kobayasi and Inaba^^ have observed an indication 
of Raman backscatter by SO 2 , CO, and COg in a smoke stack plume located 
20 m from their optical radar system. 



This dissertation presents the results of a research program 
initiated to. study, in detail,. Raman scattering as a means to obtain 
quantitative remote profiles of individual atmospheric molecular species 
as a necessary first step in obtaining a better understanding of the 
earth's lower atmosphere. To this end: 

(1) A concise treatment of Raman' and Rayleigh molecular scatter- 
ing is presented. 

(2) A qualitative analysis of mixing of constituents in the 
earth's atmosphere due to turbulent diffusion is discussed. 

(3) A noise analysis of Raman scattering by nitrogen, oxygen, 
and water vapor observed by an optical radar system is performed. 

(4 ) Finally, a comparison of the results of the initial Raman 

f 

optical radar experiments with independent meteorological measurements 
is presented. 

The only molecular profile in the atmosphere being measured 
routinely is water vapor. In view of the limitations of radiosonde 
measurements, the Raman optical radar technique offers the possibility 
of performing instantaneous vertical measurements of the profiles of 
not only water vapor but also other trace constituents in the atmosphere. 
Although the measurements reported here were made only on the vertical, 
the technique offers. the potential of quantitatively measuring two- and 
three-dimensional distributions of individual atmospheric constituents. 
These distribution measurements should provide a means of studying, on a 
local basis, turbulent diffusion, pollution dissipation, and cloud 


formation 



II* THEORY OF RAMAN AND RAYLEIGH SCATTERING BY A MOLECULE 


General 

In 1928 , Raman (^-7) observed that when various molecules are 
irradiated with light of frequency v the scattered radiation consisted 
not only of frequency v (Rayleigh scattering) but other frequencies 
such as v - v^, v - v g , . . . (Raman scattering). These Raman lines 
are now termed Stokes lines; other Raman lines v + v^, v + Vg, . . . 
are referred to as anti-Stokes lines. 

(18) 

This effect was predicted qualitatively as early as 1923 
using classical theory. The classical argument was based on the 
realization that changes in polarizability of molecules due to their 
rotation or vibration give rise to scattering at other frequencies. 

The quantum mechanical treatment first performed by Kramers and 
Heisenberg (^9) later by Dirac treats the problem as a two-photon 
process. A photon incident on a molecule is annihilated and the mole- 
cule is excited to a "virtual" state. The molecule de-excites and another 
photon is created. If after the scattering process the molecule is in the 
same internal state as before, the process is called Rayleigh scatter- 
ing. If, however, after scattering the molecule is in a different state, 
then Raman scattering has occurred. 

In this chapter, an attempt is made to present a concise treat- 
ment of Raman and Rayleigh scattering in the atmosphere. To this end 
the chapter has been divided into six sections. In section IIA, a 
general quantum mechanical discussion of Raman and Rayleigh scattering. 


5 
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A 


( 21 ) 

based on Heitler * s v ' treatment, is presented. Building on this quantum 
mechanical base, section IIB presents Placzek's^ 22 ^ polarizability treat- 
ment, which assumes that the vibrations of molecules can be treated as 
normal modes of simple harmonic motion. Further assumptions are made in 
section IIC concerning the rotational structure of the Rayleigh and 
Raman vibrational bands. This rotational analysis is limited to rigid 
diatomic molecules such as C>2 and The last three sections are devoted 

to relating the theory of Raman and Rayleigh scattering to the geometry 
of the laser experiment in the atmosphere. 

IIA. Quantum Theory of Rameui and Rayleigh Scattering 

The quantum mechanical behavior of any system can be described 
by the wavefunction, of the system satisfying the wave equation: 

i tii = H$r (1) 

* djr 

where $ = ^ is the total, wavefunction, and H is the total 

at 

Hamiltonian operator. H may be divided into the following parts: 

H = H r + H* + H int (2) 

where H r is the Hamiltonian of the radiation field, is the 

Hamiltonian of the molecule, and H j n t. is the interaction Hamiltonian. 
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Let 


H o = H r + *m 


with the eigenfunctions of H 0 denoted by 


$ 8 J 

x n x n lf n 2 , 


ijr 

* * * m 


(3) 


( 4 ) 


where n i> n 2 > • • • ,n^> . . . are the occupation numbers of the photons and 
is the wavefunction of the molecule. 

The total differential transition probability from an initial state 
denoted by 0 to all states denoted by n is: 

dct ho = ~jjH no + Knol 2 Jdp^ (5) 

where is from first-order perturbation considerations given by: 


H no * <*nl H intl*o> < 6 > 

K no is the second-order perturbation matrix element of the form: 


^no 


■I 


^nn ,H n 'o 


* £ - jfi* 

n* c o c n’ 


(7) 


with n' denoting intermediate states of the molecule, dp 


n 


density of final states and £ the total energy of the system. 


the 
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To calculate and in equations ( 6 ) and ( 7 ), the 

interaction Hamiltonian has to be defined. It can be shown that the 

( 21 ) 

interaction Hamiltonian is given by' ' 

H,„ + - + H^ 


where 


and 



( 8 ) 


h ( 2) = \ ?(k) ( 9 ) 

t 1 V 

where k denotes the various electrons in the molecule, m is the mass of 
each electron, and A*, the vector potential, can be expressed as 


*■ E < 10 > 

A 

where A ‘denotes the set of photon states with wave vector k^ and 
polarization e^, 

^ = /W ^ e 4 *' 7 (11) 

“> . 
and r is the position vector of the electron with a^, a^ creation 

and annihilation operators, respectively. 

In a two-photon scattering process, an incident photon of wave vector 

*4 ^ 

k Q will be considered absorbed and a scattered photon of wave vector k 


emitted. 
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The states of the molecule will be denoted by m^ and, in particular, 
the initial state by m Q , and final state by m with respective 
energies Ei, E q , and E. Conservation of energy requires that 

E Q + -fto> 0 = E + -Hcd 

That is, the initial energy of the system before the scattering process 
equals the final energy, afterwards. If •fla> 0 = ttn, then the scattering 
is considered Rayleigh, since no net transfer of energy to the molecule 
has taken place. If, however, -ito 0 / or E Q ^ E, then a net trans- 
fer of energy has taken place between the photon field and the molecule, 
and the process is termed Raman scsitering. 

To calculate the transition probability for scattering, it is 
necessary to consider only those processes which contain the annihila- 
tion of photon k Q and the creation of photon k. For simplicity, 
a single electron molecule will be considered initially and the results 
will then be generalized to a multielectron molecule. For a single 
electron molecule, the components of the interaction Hamiltonian become 

= - -% (p • A) (12) 

mc^ 

and 

H^J.-sLa 2 (15) 

2mc‘ i 

Equation (10) indicates that the second part of the interaction 
Hamiltonian, H^, connects states differing by two photons using 



first-order perturbation theory. The square of the vector potential 
from equation (10) can be written 

& ' L [‘W** • *5 > + > + *\ a c ( K • ? E> 

K 



If it is assumed that a photon described by £ is annihilated 
and a photon described by A is created, then the third tern is the 
only term that is effective in this coupling. For this process, 


no 


<$* , _ t*|A 2 |f . t \ (15) 

^ o • # • ^ o * • « m « * o • « • y o * * • uIq 


Substituting equations (ll-) and (ll) into equation (15) and letting 

-» -» -» -» 

£ -♦It, e^, and A -»k, gives 


no 2m ^ Ik m 


+ -> -+ x(k G -k).r 

aTa, e, • e, e 0 

jt iCq k k D 


V”o> 


= <£J^|^><<|e i( ^' ? k> < l6 > 


Using the relationships 



equation ( 16 ) becomes 


H 


( 2 ) 

no 




i (£-£)•? 


■L 


( 17 ) 


where x represents the position of the molecule. 

To complete the analysis of the two-photon scattering problem, it 
is necessary to consider the first part of the Hamiltonian, H^ 1 ^, 
given in equation (12), under second-order perturbation theory. This 
will require considering two possible intermediate states of the 
system: 

I. A photon is absorbed; in this intermediate state of the 

— > 

system no photons are present, then a k photon is emitted. 

II. A k photon is emitted; in this intermediate state there 

— > 

are two photons present, then a k Q photon is absorbed. 

The two intermediate states can be written as 


and 


$ T = KK 

I o mi 


$ ll = 


and the initial (o) and final (n) states can be written as 



Combining equations (10), (11), 


and (12) gives 


? V* 0 eiko ' r | J i ko +»b> 


or 


H (l). e _/ 2jtft c 2 ik 0 »x r 
H I0 03 o 6 ' p (i 'n^mo 


(18) 


where is the component of momentum of the electron in the direction 

of the polarization of the incident photon* 

In a similar fashion 


H 


H 


H 


( 1 ) 

Ho 

( 1 ) 

’nl 

( 1 ) 

"nil 


r 


1 -ik*x / . 

e (p„ L m 

Jl o v m i m o 


L e -“- x (pi 

I mc 2V 1 ys v ““i 




i- e ik °‘ x (p ) 


(19) 


v: 


where p y is the component of the momentum of the electron in the 


direction of the emitted photon. 
From equation (7), 


, x H (D H (l) v- tj ( 1 )w ( X ) 

^(l) _ \ H nl H Io , \ Hnir^IIo 

K no " L ?tt" L : r 

I C o C I II C o C II 


( 20 ) 



Substituting equations ( 18) and ( 19 ) into equation ( 20 ) and noting that 

<5*o" *1 = E o ‘ E i 

= E o “ E i “ 

becomes 

no 


k (d „ 2I gjtfi 

n ° m 70 J 0 C 0 


i (k Q -k).x 


(Pv )jnm^ (P 4 Wjm 0 (Pp )mm^ (P v )m^m 0 \ 


E 0 - % + *o> 0 


E r 


Ej_ - *103 


The total differential transition probability is, from 
equation (5) 


( 21 ) 


to = — Rh( 2 ) + k(D| 2 ] dp (5) 

no ^ Jjno no I J ' ' 

Substituting equations (17) and (2l) for and \ respectively, 

into equation ( 5 ) gives for to nQ 


to, 


(2rtp 


no 


mcD 0 £D 


~2 £ 


'(Pv ^mm^ (Pn ^nij_m 0 


E 0 - E ± + to Q 


-»2 


+ (B M ) nmii(Pv)m 1 m 9 | + & cos e 


Eq - E ± - -to 


iran r 


dp 


s 


( 22 ) 


n 


where 0 is the angle between the polarizations of the incident and 


scattered photons. 


Using for the density of final states 

* 2 o) 2 dC2 

> = 7 

e n (2«Kcr 

where is the solid angle, and considering a unit volume normaliza- 
tion with stationary molecules, the differential scattering cross 
section can be written as 


dSP 


no 

an 


( 1 A y 

\mc 2 / * 0 ^ 


(§ Pv^xnm^f PUj)»i«o 
E 0 - Ei + ho> 0 


+ (k P Hk)™>i(j Pv j) m i m c 


E Q - E^ - tkx> 


+ B mmo cos 0 


(23) 


where the sums over j and k are taken over all electrons in the 
molecule. 

Equation (23 ) can be written in a more concise form as 


asp, 

~ah 




(24) 


where (oy v is the n,v element of the polarizability tensor defined 


as 


(®uv )l 


_ e‘ 


^ / “ n o"m2o> 0 a J p i 


hi 


(k Pv k) mn i(j P>1 j) m i m o 
E 0 - E ± + *m> 0 


+ (k P ^k)™l(f Pv j) m i m o 


+ 5 mmo cos e j 


E 0 - Ei - ila) 



The more familiar form of the differential scattering cross 
section for the intensity of light is obtained by multiplying the right 
side of equation (25) by the ratio of photon energies (co/od 0 ) to give 

v »™o ) " |^ v Wq | 2 ( 26 ) 

Equation (26 ) indicates that both Raman and Rayleigh scattering inten- 
sities vary inversely as the fourth power of the wavelength of the 
scattered light, since |( a |iv)mm 0 | 2 a PP rox ^ ma ^ e ^y independent of 
wavelength when the wavelength of the incident light is not near a 
resonance of the molecule. Calculations of the polarizability tensor 
for complicated molecules have only had limited success. Placzek's 

polarizability theory, ^ 22 ^ which is discussed in the following sections 
of this chapter, provide a basis for calculating Raman and Rayleigh 
scattering cross sections. 

IIB. Rayleigh and Vibrational Raman Scattering 

Neglecting rotation of the molecule, the wavefunction of the 
molecule, t m , can be expressed approximately as 


* - * n 

m e i 




(27) 


where is the electronic part of the wavefunction, the q^'s are 

the normal coordinates for vibration of the molecule, and the i|r 's 
are the wavefunctions for the normal vibrations (Harmonic oscillator 
wavefunctions ) . 
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The polarizability tensor operator, c^ v , may be expanded in a Taylor’s 
expansion about the equilibrium positions of the normal vibrations 
to give to f irst order in the q^ ’ s 


- <V + X (“f) o 


( 28 ) 


i ' J 

Utilizing equation (28), the matrix elements of the polarizability- 
tensor can be written as 


( a uv)m 0 “ <*ml a Sv!*m 0 5 > ♦ 


V,> 


* c Vv B mm 0 + ( 2 9) 

J 

da, iV 

since a 0 and a’ = are constant. The term a* is commonly 

UV uv dqj 

referred to as the differential polarizability tensor. 

The first term on the right side of equation (29) gives rise to 
Rayleigh and pure rotational Raman scattering, since the initial and 
final vibrational states of the molecule remain unchanged. The second 
term on the right side of equation (29) gives rise to Raman vibrational 
scattering. . 

Combining equation (27 ) with the second term on the right side of 
equation (29) gives for the matrix elements of the polarizability tensor 
for Raman vibrational scattering: 
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<K Kj| t mQ > = a- v 6 ee .<l^ (qj ) |q d | t v ' (qj )> (30) 



^ 0 otherwise 

which are well known solutions for the harmonic oscillator wave- 
function. Equation (31) indicates the selection rules for Raman 
vibrational scattering as 


Av = +1 

From equations (26) and (28) the cros-.s section for Rayleigh 
scattering is 


dcp, n _ “o I o I 2 / \ 

— (M,v,0) o ) - 2 H<v| (32) 

For the Raman vibrational cross section, the relative number of molecules 
occupying vibrational excited states must be considered. Weighting the 
states by the Maxwell-Boltzmann distribution law and using equations (26) 
and (31), the cross section per molecule is 
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for Av = +1 and u> = (u> 0 - uxj ) or 


(33) 


“ ’(d, V,CD, j ) 

cui 


a> 4 _ft_ [Kv)| 2 

7 2maij 1 _ e -itoij/KT 


( 3*0 


The anti-Stokes band Av = -1 will not be considered since the effect 
is not observed for most gases at room temperature. 

Equations (32) and (3*0 give the differential cross section per 
molecule for Rayleigh and Stokes vibrational Raman scattering, respec- 
tively, for light polarized in a coordinate system fixed in the 
molecule. In a practical experiment, where the gas molecules are 
randomly oriented, an average must be taken over all possible orienta- 
tions of the molecule and related to a laboratory coordinate system. 
That is, |a^v| 2 will be transformed to an orientation averaged 

i 2 

|a^ £.( )>, where u,v = x^, i = 1, 2, or 3, are the molecular 
coordinates and = x^, i = 1, 2, or 3, are the laboratory 

coordinates. This transformation and averaging is treated in detail 
in appendix A with the results for the polarizability tensor 



(35) 


a° | 2 "->- A 
\ a n,z| ^"55 


45a, 2 +4p 2 
33 2 


33 c 


33 2 

45a 2 +43 2 
33 2 


33^ 

33 2 

45a 2 +43 2 


where the symbol 


and 


indicates a tensor quantity, 
a = i(a^ + a,2 + a-) 


3 2 = ||^ a l " a 2^ 2 + ( a 2 " a-^) 2 + - a^)‘ 

with a^, ag, and the principal, values of the a^y matrix. 

The term a is referred to as the isotropic part of the polarizability 
and 0 as the anisotropic part. 

The results of the transformation and averaging of the differen- 
tial polarizability tensor from appendix A is 


< ^l a n,z | 2 


S5 


45a' 2 +4p’ 2 


33" 


33 ' 2 

45a ,2 +43’ 2 


33 


,2 


33 


,2 


33 

33 


.2 


,2 


45a' 2 +40’ 2 


(3 6 ) 


Therefore, in the laboratory coordinate system, equations ( 32 ) and (34) 
become: 

For Rayleigh scattering. 


O 

-^(n,z,o> 0 ) = “ip<l a nzl ^ 


7~ 


(37) 



and for Raman vibrational scattering. 




d* -ft ^ a nz| > 

* — — V 

c 4 2tnaij _ e -itojj/KT 


(58) 


for Av = +1 and o> = (co D - cbj). 

A complete analysis of equations (37) and (38) with respect to 
polarizations of the incident and scattered light as a function of 
scattering angle is given in appendix B. In the optical radar experi- 
ment, only backscatter is of Interest. For backscatter polar- 
ized parallel to the laser's polarization, = Z in equations (37) 
and (38). Therefore, for Rayleigh backscatter. 




(39) 


and for Raman vibrational backscatter, 




1 - e 


-Bco-s/KT 


(40) 


for Av = +1 and cd = 

For backscatter polarized perpendicular to the laser's polariza- 
tion, 0 , t £. Therefore, for Rayleigh backscatter. 
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and. for Raman vibrational backseat ter, 


«(«) = ^ _n_ A i k— L. 

dQ 1 e -^j/KT 


( 42 ) 


for Av = +1 and cd = (od q - <Dj ). 

The cross sections given in equations (39) and (4l) include, in 
addition to the true Rayleigh line, pure rotational Raman fine structure. 
This fine structure is also present in the vibrational Raman effect 
•whose cross sections are given in equations (4o) and (42). 

An analysis of rotational fine structure for diatomic molecules 
such as nitrogen and oxygen is presented in the next section. 


IIC. Rotational Raman Fine Structure of Rayleigh and Raman, Vibrational 
Scattering 

If rotation of the molecule is included, the wavefunction 
can be approximately expressed as 


= ^e J Vj (q 0 )ltr r ^ 

where i|r is the rotational part of the molecular wavefunction. 

To determine the distribution of the rotational fine structure , 
equation (29 ) will be rewritten to include rotation as 

( a |iv)mmo = ’^r |°Vv| ^r*'* ^ee ,& w' 

+ £<*JKv|v><< d M*vj> ( JA > 

A 


i 
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Although a° v and a^ v are constant in the molecular frame of reference, 
when the polarizability tensor is transformed to laboratory coordinates, 
as outlined in appendix A, the direction cosine functions cause the 
rotational matrix elements to be non-zero. This is illustrated by sub- 
stituting equation (A-5 ) into equation (44 ) : 

= a i <** | c °s(i,S )cos (i,0 )|* r .> 
i 

+ ) a ; :<t*|cos(i,Z)cos(i,ft)|t r ,><i|f*. |qj|+ v ,> ( 45 ) 
ij J 5 

The first term on the right side of equation (45) gives rise to the 
rotational Raman fine structure on the Rayleigh scattering line. The 
second term gives rise to the Raman rotational fine structure of the 
vibrational Raman effect. 

II Cl- Pure Rotational Raman Fine Structure 

Considering first the rotational Raman fine structure on the 
Rayleigh line and limiting the analysis to a rigid rotating molecule 
(a good approximation for nitrogen and oxygen), the rotational part of 
the molecular wavefunction can be written as 

*r - y ” <m>> * (yrS)i i j (oos < ’ )elJ “ p (W) 

n . 

_ (0,<p)’s are normalized spherical harmonics. 


where the 



The energy levels of the rigid rotator are 


o h 2 J(J + 1) 


E J = 


2I r 


( 47 ) 


where I Q is the molecular moment of inertia. 
If 


B rt = 

° bfidr 


then equation (4-7 ) becomes 


E° = chB 0 J(j + 1) 


(48) 


where B Q is referred to as the molecular rotation constant. 

In analogy to equation (35)> the cross section for the pure 
rotational Raman scattering can be written as 

-B J(j+l)hc/KT 


fE(n,W) - 


CD 


gj (2J + l)e 


A^ gj ( 2J + 1 )e- B ° j(J+1)ho / ra 


v 

2_, a i < C'^r | cos ( i ^^^ cos ( i ->^)|^r'^ > 


(49) 


with cd = od 0 1 a> r where 


cd_ = 


E J' “ E J 


= 2jtcB, 


^•(J* 


+ 1) - J(J + 1 


3 


and g T is the nuclear degeneracy. 
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Approximating the summation by integration, as shown in 
appendix C, equation (49) becomes 

k as L ho + De-Vt^DWKT 


dcp/ n _ T v co' & "o* 

3f( ,z '“' J) 7 ~ 


8 J + 8 S 


^ |cos(i,L)cos(i,S!)|t r ,> 


(50) 


where g+ and g” are the nuclear degeneracies for J even and odd, 

J J 

respectively. 

Substituting the rotational wavefunction given in equation (46 ) 
into equation’ (50) results in the complete equation for pure rotational 
Raman scattering: 


f (n , w) ,£M 


(BJ ♦ I)e -^ J(J+I)h °/ KT 


4 + e j 


(0,tp) |cos(i,E)cos(i,ft j. 


(51) 


A sample calculation of part of one of the terms in the rotational 
matrix elements is given in appendix D, which indicates that the selection 
rules for the rotational Raman effect are AT = 0,t2. Placzek^ 2 ^ per- 
formed the complete analysis using cylindrical coordinates and determined 
the J dependence of the cross sections to be 


and 


3(J + 1)(J + 2) 

2(2J + 5) 


for AT = +2 


3(J - 1)J 

2(2J - 1) 


(52) 


for AT = -2 



Using the J dependence given in equation ( 52 ), the relative distribu- 
tion of the cross sections for pure rotational Raman scattering is 


g(n,£ >a ,,j) « a t ^±1 . + 1 XJ g) . .-BoJCJ+Dho/ra (55 ) 

311 c* “ gj + gj 2 ( 2 J + 3 ) 


for AJ = +2, J = 0,1,2,... 


and 



and 


2E(n,£^, J) « 2^ 83 3(J . ~ e -B 0 J(^l )hc/KT , 

dS1 c k KT g + + g - 2(2J - 1) 

J J 

for AJ = -2, J = 2,3,4,... 


CJD = o) Q - co r 

and 

“r = 8 rtcB o( J - \ 

( 22 ) • 2 

Placzek has shown that only the p component in the total cross 

section contributes to transitions involving AT = 12, and that for a 
rotor 25 percent of the p 2 component contributes to the AT = 0 
transitions. 

Equations (39) and (4l) for the backscatter cross sections may, 
therefore, be divided as follows: 
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for AJ = 0 ( 55 ) 

for aH transitions ( 56 ) 

AJ = +2 

for AJ ■ 0 (57) 

for all transitions ( 58 ) 

AJ = t2 

Thus by calculating the relative distribution of cross sections for the 
rotational Raman fine structure, utilizing equations (53 ) and (54 ) and 
relating their sum to equations ( 56 ) and ( 58 ), an approximate value for 
the individual rotational cross sections can be obtained. This calcu- 
lation is performed for nitrogen and oxygen in section IID. 

IIC2. Vibrational -Rotational Raman Fine Structure 

In a vibrating rotating molecule the rotational energy levels 
will be affected by the molecule's vibrational state. The higher the 
vibrational state, the larger the average separation of atoms in the 
molecule, thus giving rise to an increased moment of inertia. The 
energy levels of the rotational states in the ground vibrational level 
given in equation (47 ) could have been expressed in terms of average 
molecular separation as: 




( 59 ) 


E o = * g J(J + l)/ l 
J 2M lr £ 


£)‘ 


is a measure of atomic 


where M is the molecular reduced mass and 
separation. In similar fashion the rotational energy levels for a 
molecule in the vth vibrational excited state can be written as 


~ * W + D / 1 \ 

— m \r v 2j 
= chB^JCj + 1) 


(6 0 ) 


where the vth rotational constant is 



(61) 


Pauling and Wilson 


(24) 


show that B v can be written as 


B v = B e - a e (v + -1 + . 


(62) 


where B e and a e are molecular constants. If the treatment is 
restricted to vibrating rotors, the selection rules remain 


AJ = 0,±2 


The relative distribution of cross sections for the rotational 
fine structure of the vibrational Raman scattering is the same as the 
pure rotational case except, of course, the frequencies are different. 
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This relative distribution is 




a a> 4 2B o hc gj 3(J + 1)(J + S) e -B 0 J(j+l)hc/KT 

? gt + g; 2 ( 2 j + 3) 

d d 


( 63 ) 


for AJ * +2, J = 0,1,2,..., Av = +1 and 0-1 transition 
where 


“ " K - “r J ) 


with 


= 


E JV - E Jv 




= + 2jtc 6 b^ + 


(5\-B 0 )J+(E l -B 0 )J^| 


and 


*E(n,W) « A 8 J e -BoJ( J+l )ho/KT 

40 7 n g+ + g- 2(2J . 1) 

d d 


(64) 


for AJ = -2, J = 2,3*4,..., Av = +1 and 0-1 transition 
where 


“ “ K> ’ “rj ) 


with 


cd. 


W 


= coj + 2rtc|2B 1 - (3B 1 + B q )J + (B 2 - B 0 )J 2 J 


As in the case of pure rotational fine structure, Placzek’s 

p 

analysis showed that only the (3 ' component in the total vibrational 
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cross section contributes to transitions involving AJ = t 2 , and that 
for a vibrating rotor 25 percent of the p’^ component contributes to 
AJ = 0 transitions. As was indicated above, equations ( 40 ) and ( 42 ) 
may be divided as follows: 


«£(„) 

dfr ii 



4 2mcD-? -bou/Kr 

c <J 1 - e « 


for AJ = 0 and 
AV = +1 


( 65 ) 


k r=- 3 ' 

12 — 

dfl 11 c 4 2ma0j ^-hojj/KT 


for all transitions (66) 

AJ = ±2 and AV = +1 


d<p/ ^ _ aft h l 80 13 

dQ x c _ e -hojj/KT 

and. 

9 , 2 

djP/) = u> h l80 3 

dn “ ± c 4 2mtOj 1 _ e -hmj/KT 


for AJ = 0 and (67) 

AV = +1 


for all transitions (68) 

AJ = +2 and AV = +1 


Again calculating the relative distribution of cross sections for 
the vibration-rotation lines, utilizing equations (65) and ( 64 ) and 
relating their sum to equations (66) and (68), an approximate value of 
the cross section for each individual line can be obtained. This calcu- 
lation will also be performed for N2 and C>2 in section IID. 


1 
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Cross-Section Calculations for Raman Backscatter From N 2 and 0 2 
The molecular constants for the calculation of scattering cross 
sections of N 2 and 0 2 are summarized in table I. 


TABLE I.- MOLECULAR CONSTANTS OF N 2 AND 0 2 



a x 10^ 
(cm3 ) 

3 x lO 2 ^ 
(cm3) 

a’ x 10 16 
(cm 2 ) 

3* x 10 l6 
(cm 2 ) 

v 3 

v = 0 — * 1 

B e 

(cm"^) 

a e 

n 2 

1-79 

0*95 

1.6 

2*2 

2550.7 

2.010 

O.OI87 

°2 

1*65 

1.2 

1.4 

2.5 

155^.7 

1.44566 

0.01579 


The values for a, 3 , a', and 3' were determined from data 

published in reference 25. The remaining constants in table I are 
listed by Herzberg. The results of substituting the appropriate 
values from table I into the backscatter cross sections given 
in equations (55) through (58) and ( 65 ) through (68) are summarized in 
tables XX and XXX* 


TABLE II. - CROSS SECTIONS OF N 2 AND 0 2 FOR RAYLEIGH BACKSCATTER 
AND THE SUM OF THE PURE ROTATIONAL RAMAN BACKSCATTER 
WITH \ = 5471.5 A 



d£i 0 11 

AT - 0 
(cm 2 ster"l) 

d9/ s 

in (cUo) H 

All transitions 
AJ = ±2 
(cm 2 ster"l ) 

dcp/ . 
dn^°^X 

AJ ■ 0 
( cm 2 s.ter ) 

dcp , . 

d^K)l 

All transitions 
AJ = ±2 
(cm 2 ster"l) 

n 2 

5.5 X 10" 2 7 

6.5 x 10- 2 9 

1.6 x io- 2 9 

5.2 x 10"29 

°2 

2.9 X 10- 2 7 

1.0 X 10" 28 

2.6 x IQ” 2 ? 

5-1 X 10-29 
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TABLE III— BACKSCAITER CROSS SECTIONS OF Ng AND 0 2 FOR v = 0 -» 1, 
AJ = 0 VIBRATIONAL TRANSITION (Q-BRANCH), AND THE SUM OF 
THE VIBRATION-ROTATION TRANSITIONS (0 -BRANCH PLUS S- 
BRANCH) ; A^ = 3777 A, 7 ^ = 3669 A 



s«. 





All transitions 

All transitions 


£ 

II 

0 

AJ = ±2 

AJ = 0 

AJ = ±2 


(cm2ster“l) 

(cm 2 ster“l) 

(cm 2 ster“l) 

(cm 2 ster~l ) 

n 2 

2.1 x 10"50 

2.5 X 10-3! 

6.4 x 10" 52 

1.3 x 10 - 3 1 

°2 

2.4 x 10 ~ 3 ° 

4.1 x io"3l 

1.0 x lO -51 

2.0 X IQ " 31 


The relative cross sections of N 2 and O 2 for the rotational fine 
structure has been calculated using equations (53 ) , (54), (63), and (64), 
and the results are given in Appendix E. Also given in Appendix E are 
the normalized cross sections determined by dividing each relative 
cross section by the sum of the relative cross sections for AJ = i2. 

An approximate value for the true cross sections are obtained by 
multiplying each normalized cross section by the appropriate value from 
tables II and III. An abbreviated listing of these results for the 
rotational fine structure of the nitrogen v = 0 -* 1 vibrational 
transition are given in tables IV and V and axe plotted in figure 1. 

A complete listing of the fine structure cross sections of N 2 and 0 2 
is given in Appendix E. 
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TABLE. IV.- DIFFERENTIAL BACKSCATTER CROSS' SECTIONS FOR ROTATIONAL 
FINE STRICTURE OF THE v = 0 -* 1 RAMAN VIBRATIONAL 

r 

TRANSITION OF Ng. AT = +2 




Normalized 



T 

u 

(n)' 

cross section 
AJ = -2 

0 

3.77880E-01 

1.715746-C2 

2. 18C70E-33 

4. 36140E-33 

1 

3.779936-01 

1.512966-02 

1.92297E-33 

3.84593E-33 

2 

3.781056-01 

4. 15475E-02 

5.28069E-33 

1 • 05614 E- 32 

3 

3 .782176-01 

2.538986-02 

3.227056-33 

6.454096-33 

4 

3. 78328E-01 

5.76401E-02 

7.326066-33 

1.465216-32 

5 

3.784396-01 

3.09756E-C2 

3.937006-33 

7.87400E-33 

6 

3.78550E-01 

6. 371506- C2 

8 • 09818E— 33 

1 .619646-32 

7 

3.786596-01 

3.155396-02 

4.01050E-33 

8. 02101E-3 3 

8 

3 ,787696-01 

6.04501E-C2 

7.68321E- 33 

1.536646-32 

9 

3,788706-01 

2.8081 1E-C2 

3.569106-33 

7. 13820E-33 

10 

3.789866-01 

5. 071446-02 

6.445816-33 

1 .289166-32 

11 

3,790946-01 

2.229006-02 

2.833056-33 

5. 66)51 IE-33 

12 

3.79202E-QI 

3, 8193 IE-02 

4.85435E-33 

9. 70969E— 33 

13 

3.793096-01 

1. 5960 56-02 

2.02857E-33 

4. 05715E-33 

14 

3. 7941 56-01 

2.6045 5E-C2 

3 . 31039E-33 

6. 62078E-33 

15 

3.7952 IE-01 

1.037996-02 

1 .319286- 33 

2. 63857E-33 

16 

3* 79627E-01 

1.617186-02 

2.05543E-33 

4. 1 1087E-33 

17 

3.79732E-01 

6.158716-03 

7. 82772E-34 

1.565546-33 

18 

3, 79837E-01 

9.1761 IE-03 

1 .16628E-33 

2.332576-33 

19 

3.799416-01 

3. 34405E-03 

4.2 5029E-34 

8. 50059E-34 

20 

3.80045E-01 

4.77049E-03 

6.063296-34 

1. 21266E-33 

21 

3.801486-01 

1.66534E-03 

2. 11665E— 34 

4.233296-34 

22 

3.802516-01 

2.276646-03 

2.89361E-34 

5.787236-34 

23 

3.803536-01 

7.61889E-C4 

9.68360E-35 

1. 93672E-34 

24 

3.804546-01 

9.987936-04 

1 .269476—34 

2.53893E-34 

25 

3.80556E-01 

3.2061 56-04 

4.0750 IE-35 

8. 15003E-35 


i 





TABLE V.- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR ROTATIONAL 
FINE STRUCTURE OF THE v = 0 -» 1 RAMAN V IBR ATIONAL 
TRANSITION OF Ng. AJ = -2 



Mu) 

Normalized . 
cross section 
AJ = +2 

d<P/ A 

(.CO )_L 

d n M 

d<P, \ 

dn <a>) “ 

2 

3.77539E-01 

1 .62544E-02 

2 .06594 E -33 

4. 13188 E-3 3 

3 

3.77425E-01 

1.38260E-02 

1.75728E-33 

3.51456E-33 

4 

3.77310E-01 

3.66237E-02 

4.65487E-33 

9.30975E-33 

5 

3.77194E-01 

2. 15886E-02 

2.74391E-33 

5.48783E-33 

6 

3*77 078E-01 

4.72757E-02 

6 • 00874E-33 

1 .20175F-32 

7 

3. 76962E-01 

2.45064E-02 

3. 11477E-33 

6.22954E-33 

8 

3.76845E-01 

4.86239E-02 

6*1 8010E-33 

1. 23602E-32 

9 

3.76728E-01 

2.32279E-02 

2.95226E-33 

5.90452E-33 

10 

3.76610E-01 

4.29241E-02 

5.45565E-33 

1.0911 3E-32 

11 

3 • 76492E-0 1 

1 • 92338E-02 

2 . 4446 1 E-33 

4.88923F-33 

12 

3. 76 373E-01 

3.35066E-02 

4. 25869E-33 

8.5 1738E-33 

13 

3.76254E-01 

1.42055E-02 

1 ■ 80552E-33 

3.6 1103E-33 

14 

3.76134E-01 

2 • 34790E-02 

2 • 984 1 8E-33 

5.9683 6E-33 

15 

3. 76014E-01 

9.46426E-03 

1.20291E-33 

2.4058 1F-33 

16 

3.75894E-01 

1 • 48978E-02 

1. 89351E-33 

3.7 87 02F-33 

17 

3. 75773E-01 

5 • 72702E-03 

7. 27904E-34 

1 .45581F-33 

18 

3.75651E-01 

8.60679E-03 

1 • 09392E-3 3 

2.18785E-33 

19 

3.75530E-01 

3.16170E-03 

4,.01852E-34 

8 • 037 03F-34 

20 

3.75407E-01 

4. 54398E-03 

5.77540E-34 

1 .1 550RF-33 

21 

3.75284E-01 

1 .59734E-03 

2 • 03 022E-34 

4.06044E— 34 

22 

3.75161E-01 

2. 19803E-0 3 

2.7937CE-34 

5 . 5 8740E- 34 

23 

3.75038E-01 

7.40152E-04 

9.40734F-35 

1 . 88147F-34 

24 

3.74914E-01 

9.76023E-04 

1 • 24052E-34 

2.48105E-34 

25 

3.74789E-01 

3. 15067E-04 

4.00450E-35 

8 • 00900E-35 

26 

3.74664E-01 

3.98413E-04 

5.06383E-35 

1.01 2 77E-34 

27 

3.74539E-01 

1 • 23364E-04 

1. 56795E-35 

3.1 3591E-35 


CROSS SECTION „ <em 2 *t»r 
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Figure 1. - A plot of rotational fine structure for the nitroge 
v = 0 -» 1 vibrational Raman transition as a function of 
wavelength. 


I IE. Calculation of the Raman Backs catter From the Atmosphere 


For a system pointing on the vertical, the optical radar equation 
for Raman backs catter from the atmosphere is: 


is(Z) = 


_ 7 (Ar)*](A r )cEA dcp 


^ n(Z)q(A ^ZjqfT^Z) 

2Z 2 <i«A R 


(69) 


where 


ig is the photomultiplier cathode current 
Z = ~ is the altitude 

t is the elapsed time after laser emission 
7 is the system optical efficiency 
tj is the cathode spectral sensitivity 
E is the total laser energy at A Q 
A is the area of the receiver telescope 
n is the number density of Raman scattering molecules 
q is the atmospheric transmissivity 
A Q is the wavelength of the incident light 

and 

A R is the Raman wavelength 

Characteristic values of the constant terms in equation (69) for 
the optical radar system used, in this investigation are listed in 
table VI. No attempt was made to absolutely calibrate the optical 
radar system, therefore the values in table VI, with the exception of 
A, must be considered approximate. 


TABU! VI— TOPICAL PARAMETERS FOR 


THE RAMAN OPTICAL RABAR 


7 3S69 i ' ■ ' • “ 0 - 02 

^ 

?397 6 £ -°*3° 

t) siQ.Ck amperes watt -1 

E ~0.04 joules 

A . 0.13 m 2 


Since the optical receiver system is assumed not to be polarization 
sensitive and the interference filter pas sb and included rotational fine 
structure, the total effective backscatter cross section can be written 


dfr d*r '« 


dqp 


,AJ=0 d0j_,AJ=0 


c-i r 


) ^(CD) 

Z_j Ida ii 
j 


,AJ=-2 


— (cd) 1 

W %AJ=i2j 


W(cd t ) 


(70) 


where W(a>j) is the relative transmission of the. interference filter, 

normalized to 1 at the peak transmission. W(Aj) is assumed for the 

purpose of these calculations to be Gaussian with a full width at half 

o 

maximum transmission equal to 35 A. The measured transmission curves of 
the interference filters indicate that this is a good assumption. 

Using the cross section values given in table III and Appendix E, 
the total effective backscatter cross section for N 2 and 0 2 are: 

f 

—(3777 A)„ = 2.5 x 10" 5 °cm2 s ter-d 
dft N 2 


(71) 
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and 

—(3669 A) = 3.0 X 10" 5 ° canister" 1 (72) 

The water vapor molecule is in the class of molecules called an 
asymmetric top. The vl symmetric vibration (3569 cnfl) cross section 
will, for purposes of calculation, be assumed to be of the same order as 
the nitrogen cross section. Therefore, 

—(3976 A) ~ 10"5° cm 2 ster _1 (73) 

dJT ' H 2 0 • 

Using these cross sections in equation (69), an estimate of the 
backscatter return from the atmosphere may be made. These estimates are 
listed in tables VII through XII. The values q^ and q^ were obtained 
from Elterman^^ and denote transmissivity for a pure molecular atmos- 
phere and a "clear atmosphere," respectively. The pure molecular 
atmospheric model is based on the U.jS. Standard Atmosphere , 1962 ^^ and 
includes only the attenuation of light due to the gaseous atmosphere. 

The "clear atmosphere," developed by Elterman, includes, in addition, 
the attenuation effects attributed to the presence of aerosols. The 
number density of N 2 and 0 2 was derived from the U._S. Standard Atmosphere , 
1962 . Water vapor number densities are based on a constant mixing 
ratio of 1 gm/kg. The other signal terms in these tables were calculated 
using 


V - igEO 

where R is the effective load resistance (25 0) and G is the 

/ 8 . 

phototube gain (10 ) and 


TABLE VII.- CALCULATED RAMAN BACKSCATTER RECEIVED SIGNAL FOR THE 
v = 0 — » 1 VIBRATIONAL BAND OF N 2 FOR 
ELTERMAN'S "CLEAR ATMOSPHERE. " 


z 



n Ng 

i s 

V 


n s 


(km) 

q(34oo X) T * 

q(?800 A) t * (meter-3) 

(amperes ) 

(volts ) 


(ct/sec ) 

0.20 

.9505 

.9577 

1.9514 

2.726760 x 10- 10 

6.816900 x 

UT l 

1.704225 

X 10 9 

0.40 

.9034 

.9172 

1.9140 

6.086000 x 10" 11 

15.215000 x 

10~ ? 

3.803750 

ao 

O 

fH 

X 

0.60 

.8586 

.8784 

1.8772 

2.406160 

6.015400 


1.503850 


0.80 

.8161 

.8413 

1.8409 

1.212640 

3.031600 


.757900 


1.00 

.775 7 

.8057 

1.8052 

6.927200 x 10“ 12 

17.318000 x 

10“ 3 

4.329500 

x 10 7 

1.20 

.7529 

.7868 

1.7700 

4.470800 

11.177000 


2.794250 


1.40 

.7308 

.7683 

1.7354 

3.052080 

7.630200 


1.907550 


1.60 

.7093 

.7502 

1.7012 

2.171200 

5.428000 


1.357000 


1.00 

.6885 

.7326 

1.6676 

1.594040 

3.985100 


.996275 


2.00 

.6683 

.7153 

1.6345 

1.199400 

2.998500 


.749625 


2.20 

.6552 

.7050 

1.6019 

9.387200 x UT 13 

23.468000 x 

10- 4 

5.867000 

x 10 6 

2.40 

.6424 

.6948 

1.5698 

7.468000 

18.670000 


4.667500 


2.60 

.6298 

.6847 

1.5382 

6.024800 

15.062000 


3.765500 


2.80 

.6174 

.6748 

1.5071 

4.917600 

12.294000 


3.073500 


3.00 

.6053 

.6650 

1.4765 

4.054800 

10.137000 


2.534250 


3.20 

.5964 

.6582 

1.4464 

3.4044 00 

8.511000 


2.127750 


3.40 

.5877 

.6516 

1.4167 

2.881600 

7.204000 


1.801000 


3.60 

.5790 

.6449 

1.3876 

2.454800 

6.137000 


1.534250 


3.80 

.5705 

.6384 

1.3588 

2.104400 

5.261000 


1.315250 


4.00 

.5621 

.6319 

1.3305 

1.813600 

4.534000 


1.133500 


4.20 

.5553 

.6270 

1.302 7 

1.578800 

3.947000 


.986750 


4.40 

.5486 

.6221 

1.2753 

1.380400 

3.451000 


.862750 


4.60 

.5419 

.6173 

1.2484 

1.211600 

3.029000 


.757250 


4.80 

.5354 

.6125 

1.2219 

1.068000 

2.670000 


.667500 


5.00 

.5289 

.6077 

1.1959 

9.440000 x 10“ 14 

23.600000 x. 

10“ 5 

5.900000 

x 10 5 

6.00 

.5026 

.5987 

1.0720 

5.500000 

13.750000 


3.437500 


7.00 

.4853 

.5718 

.9581 

3.331600 

8.329000 


2.082250 


8.00 

.4626 

.5577 

.8539 

2.113600 

5.284000 


1.321000 


9.00 

.4466 

.5460 

.7585 

1.402000 

3.505000 


.876250 


10.00 

.4330 

.5353 

.6715 

9.556000 x 10-15 

23.890000 x 

I0“ r> 

5.972500 

x 10 4 

11.00 

.4215 

.5262 

.5924 

6.668000 

16.670000 


4.167500 


12.00 

.4115 

.5189 

.5066 

4.612000 

11.530000 


2.882500 


13.00 

.4033 

.5122 

.4329 

3.248800 

8.122000 


2.030500 


14.00 

.3961 

.5066 

.3700 

2.326000 

5.815000 


1.453750 


*Elterman, 

L; AFCRL Environmental 
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TABLE VIII.- CALCULA TE D RAMAN BACKSCATTER RECEIVED SIGNAL FOR THE 
v = 0 — » 1 VIBRATIONAL BAND OF N 2 FOR A MOLECULAR ATMOSPHERE 


Z n Na i s V n s 

(tan) q(5^00 A) M , q(3800 A) M . (meter "^), (amperes) (volts) (ct/sec) 


0.20 

.9839 

.9899 

1.9514 

2.917480 x 

10-10 

7.293700 

X 


1.823425 x 

10 8 

10 8 

0.40 

.9681 

.9799 

1.9140 

6.967920 x 

10-11 

17.419800 

X 

10-*' 

4.354950 x 

0.60 

.9526 

.9700 

1.8772 

2.958480 


7.396200 



1.849050 


0.80 

.9373 

.9602 

1.8409 

1.589520 

10-12 

3.973800 



.99 3450 


1.00 

.9222 

.9505 

1.8052 

9.715880 x 

24.289700 

X 

1C 3 

6.072425 x 

10 7 

1.20 

.9088 

.9417 

1.7700 

6.459080 


16.147700 



4.036925 


1.40 

.8955 

.9331 

1.7354 

4.542720 


11.356800 



2.839200 


1.60 

.8825 

.9245 

1.7012 

3.329020 


8.322550 



2.080637 


1.80 

.8696 

.9161 

1.6676 

2.517612 


6.294030 



1.573507 


2.00 

.8569 

.9076 

1.6345 

1.951320 


4.878300 



1.219575 


2.20 

.8456 

.9001 

1.6016 

1.546480 


3.866200 



.966550 


2.40 

.8344 

.8927 

1.5698 

1.246468 


3.116170 



.779042 


2.60 

.8234 

.8853 

1.5382 

1.018464 

10‘1 3 

2.546160 


10“'’ 

.636540 


2.80 

.8125 

.8779 

1.5071 

8.419240 x 

21.048100 

X 

5.262025 x 

10 6 

3.00 

.8018 

.8707 

1.4765 

7.032400 


17.581000 



4.395250 


3.20 

.7922 

.8641 

1.4464 

5.936960 


14.842400 



3.710600 


3.40 

.7828 

.8577 

1.4167 

5.052240 


12.630600 



3.157650 


3.60 

.7735 

.8512 

1.3876 

4.328400 


10.821000 



2.705250 


3.80 

.7643 

.8449 

1.3588 

3.731080 


9.327700 



2.331925 


4.00 

.7552 

.8385 

1.3305 

3.233240 


8.083100 



2.020775 


4.20 

.7471 

.8329 

1.3027 

2.821600 


7.054000 



1.763500 


4.40 

.7391 

.8273 

1.2753 

2.473160 


6.182900 



1.545725 


4.60 

.7311 

.8217 

1.2484 

2.176240 


5.440600 



1.360150 


4.80 

.7233 

.8162 

1.2219 

1.922400 


4.806000 



1.201500 


5.00 

.7156 

.8107 

1.1959 

1.703960 

10 - 1 * 

4.259900 



1.064975 


6.00 

.6817 

.7864 

1.0720 

9.801600 x 

24.504000 

X 

10- S 

6.126000 


7,00 

.6528 

.7653 

.9581 

5.997600 


14.994000 



3.748500 


8.00 

.6281 

.7470 

.8539 

3.843600 


9.609000 



2.402250 


9.00 

.6068 

.7310 

.7585 

2.550400 


6.376000 



1.594000 


10.00 

.5885 

.7171 

.6715 

1.740000 


4.350000 



1.087500 


11.00 

.5729 

.7051 

.5924 

1.214000 

10 -15 

3.035000 



.758750 


12.00 

.5596 

.6948 

.5066 

8.396000 x 

20.990000 

X 

io~ 6 

5.247500 x 

10 5 

13.00 

.5485 

.6861 

.4329 

5.916000 


14.790000 



3.697500 


14.00 

.5392 

.6788 

.3700 

4.240000 


10.600000 



2.650000 


*E1 tertian, 

L; AFCRL 

Environmental 

Research 

Paper No. 20, 1964 
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TABLE IX.- CALCULATED RAMAN BACKSCATTER RECEIVED SIGNAL FOR THE 
v = 0 — > 1 VIBRATIONAL BAND OF 0 2 FOR ELTERMAN'S 
"CLEAR ATMOSPHERE.” 


( km ) 

q( 5 ^ 0 b A), 

<1(3600 a ) t * 

e: 

(meter - -? ) 

0 

(amperes ) 

V 

(volts ) 


(ct/sec ) 

0 , 20 

.9050 

.9537 

.5022 

2.144720 x 

10 "“ 

5.361800 

X 

1C* 7 

1.340450 

x 10 : 

0.40 

.9034 

.9096 

.4926 

4.767600 x 

10-12 

11.919000 

X 

10~ 3 

2.979750 

x 10 

0,60 

.8586 

.8674 

.4831 

1.883520 


4.708800 



1.177200 


0.80 

.8161 

.8273 

.4737 

9.417200 x 

10*13 

23 . 54-3000 

X 

10“ 4 

5.885750 

x 10 1 

1.00 

.7757 

.7890 

.4646 

5.358400 


13.396000 



3.349000 


1.20 

. 7529 

.7683 

.4555 

3.448160 


8.620400 



2.155100 


1.40 

.7308 

.7481 

.4466 

2.347520 


5.868800 



1.467200 


1.60 

.7093 

.7285 

.4378 

1.665280 


4.163200 



1.040800 


1.80 

.6885 

.7094 

.4291 

1.218960 


3.047400 



.761850 


2.00 

.6683 

.6907 

.4206 

9.146400 x 

10-14 

22.866000 

X 

10“ 5 

5.716500 

x 10 : 

2.20 

.6552 

.6701 

.4122 

7.141200 


17.853000 



4.463250 


2.40 

.6424 

.6676 

.4040 

5.668400 


14.171000 



3.542750 


2.60 

..6298 

.6564 

.3958 

4.561200 


11.403000 



2.850750 


2.30 

.6174 

.6453 

.3878 

3.713680 


9.284200 



2.321050 


3.00 

.6053 

.6344 

.3800 

3.055360 


7.638400 



1.909600 


3.20 

.5964 

.6268 

.3722 

2.560080 


6.400200 



1.600050 


3.40 

.5877 

.6192 

.3646 

2.162880 


5.407200 



1.351800 


3.60 

.5790 

.6116 

.3571 

1.838720 


4.596800 



1.149200 


3.80 

.5705 

.6042 

.3497 

1.573040 


3.932600 



.983150 


4.00 

.5621 

.5969 

.3424 

1.353040 


3.382600 



.845650 


4.20 

.5553 

.5912 

.3352 

1.175520 


2.938800 



.734700 


4.40 

.5486 

.5856 

.3282 

1.026240 


2.565600 



.641400 


4.60 

.5419 

.5800 

.3212 

8.990400 x 

10”15 

22.476000 

X 

TO" 6 

5.619000 

X 10 4 

4,80 

.5354 

.5744 

.3144 

7.908000 


19.770000 



4.942500 


5.00 

.5289 

.5689 

.3077 

6.978400 


17.446000 



4.361500 


6.00 

.5026 

.5461 

.2759 

3.964000 


9.910000 



2.477500 


7.00 

.4353 

.5273 

.2466 

2.426920 


6.067300 



1.516825 


8.00 

.4626 

.5112 

.2198 

1.530520 


3.826300 



.956575 


9.00 

.4466 

.4976 

.1952 

1.009200 


2.523000 



.630 750 


10.00 

.4330 

.4858 

.1728 

6.850000 x 

10 " 1 6 

17.125000 

X 

10 -7 

4.281250 

x 10 3 

11.00 

.4215 

.4757 

.1524 

4.759200 


11.898000 



2.974500 


12.00 

.4115 

.4667 

.1304 

3.277200 


8.193000 



2.048250 


13.00 

.4033 

.4598 

.1114 

2.303600 


5.759000 



1.439750 


14.00 

.3961 

.4534 

.0952 

1.644000 


4.110000 



1.027500 


*El terman, 

L; AFCRL 

Environmental 

Research Paper 
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TABLE X.- CALCULATED RAMAN : BACKSCATTER RECEIVED SIGNAL FOR THE 
v = 0 -> 1 VIBRATIONAL BAND OF 0 2 FOR A MOLECULAR ATMOSPHERE 


z 



n °2 



V 

n s 



(km) 

a(5^oo a)^ 

q (3600 £) m * 

(meter”* ) 

(amperes ) 

(volts ) 

(ct/sec) 


0.20 

.9839 

.9873 

.5022 

2.298308 x 

10- 11 

5.745770 x 10 ” 2 

1.436442 

X 

to! 

0. AO 

.9681 

.9748 

.4926 

5.475220 x 

10" 1? 

13.688050 x 10- 3 

3.422012 

X 

10 7 

0.60 

.9526 

.9625 

.4831 

2.318660 


5.796650 

1.449162 



0.80 

.9372 

.9503 

.4737 

1.263760 

•1 1 

3.15940 0 , 

.789850 



1.00 

.9222 

.9383 

.4646 

7.575920 x 

10 13 

18.939800 x 10** 

4.734950 

X 

10 b 

1.20 

.9088 

.9275 

.4555 

5.024560 


12.56140 0 

3.140350 



l.AO 

.8955 

.9168 

.4466 

3.525280 


8.813200 

2.203300 



1.60 

.8825 

.9063 

.4378 

2.577560 


6.443900 

1.610975 



1.80 

.8696 

.8959 

.4291 

1.944360 


4.860900 

1.215225 



2.00 

.8569 

.8856 

.4206 

1.503720 


3.759300 

.939825 



2.20 

.8456 

.8764 

.4122 

1.189360 

1 A 

2.973400 

.743350 


. 5 

2. AO 

.8344 

.8673 

.4040 

9.565200 x 

10 14 

23.913000 x IQ* 5 

5.978250 

X 

10* 

2.60 

.8234 

.8583 

.3958 

7.797600 


19.494000 

4.873500 



2.80 

.8125 

.8494 

.3878 

6.411200 


16.028000 

4.007000 



3.00 

.8018 

.8405 

.3800 

5.362000 


13.405000 

3.351250 



3.20 

.7922 

.8327 

.3722 

4.518400 


11.296000 

2.8240Q0 



3. AO 

.7828 

.8249 

.3646 

3.837600 


9.594000 

2.398500 



3.60 

.7735 

.8171 

.3571 

3.281600 


8.204000 

2.051000 



3.80 

.7643 

.8095 

.3497 

2.823200 


7.058000 

1.764500 



A. 00 

.7552 

.8019 

.3424 

2.442000 


6.105000 

1.526250 



A. 20 

.7471 

.7951 

.3352 

2.126800 


5.317000 

1.329250 



A. 40 

.7391 

.7884 

.3282 

1.861200 


4.653000 

1.163250 



A. 60 

.7311 

.7817 

.3212 

1.634800 


4.087000 

1.021750 



A. 80 

.7233 

.7751 

.3144 

1.441600 


3.604000 

.901000 



5.00 

.7156 

.7686 

.3077 

1.275600 


3.189000 6 

.79 7250 


A 

6.00 

*6817 

.7399 

.2759 

7.284000 x 

10* 15 

18.210000 x 10"° 

4.55250 0 

x 

io 4 

7.00 

.6528 

.7151 

.2466 

4.424000 


11.060000 

2.765000 



8.00 

.6281 

.6936 

.2198 

2.816000 


7.040000 

1.760000 



9.00 

.6068 

.6751 

.1952 

1.860000 


4.650000 

1.162500 



10.00 

.5885 

.6591 

.1728 

1.260000 

10* 16 

3.150000 7 

.787500 



11.00 

.5729 

.6453 

.1524 

8. 760000 x 

21.900000 x 10“' 

5.475000 

X 

xo 3 

12.00 

.5596 

.6334 

.1304 

6.040000 


15.100000 

3.775000 



13.00 

.5485 

.6236 

.1114 

4.240000 


10.600000 

2.650000 



1A.00 

.5392 

.6152 

.0952 

3.000000 


7.500000 

1.875000 




*Elterman, l. ; AFCRL Environmental Raaearch Paper No. 20, 1964 



kz 


TABLE XI. CALCULATED RAMAN BACKSCATTER RECEIVED SIGNAL FOR THE vl 
; SYMMETRIC VIBRATION LINE OF E,0 FOR ELTERMAN'S "CLEAR 
ATMOSPHERE." (ASSUMING CONSTANT MIXING RATIO OF 


1 gm/kg AND CROSS SECTION OF THE ORDER OF THE 
NITROGEN v = 0 -» 1 TRANSITION) . 





n H 2 0 

i s 


V 



n s 

z 

(km) 

*(34oo a) t * 

q(4000 h 

T * (meter "3) 

(amperes ) 


(volts ) 



(ct/sec ) 

.20 

.9505 

.9637 

.003886 

8.197606* 

10- 13 

20.494016 

X 

_4 

10^ 

5.123504 x 

.40 

.9034 

.9287 

.003812 

1.841192 

-14 

4.602980 


-5 

1.150745 

.60 

.8586 

.8949 

.003738 

7.349896 x 

10 

18.374740 

z 

10 D 

4.593685 x 

.80 

.8161 

.8624 

.003666 

3.713850 


9.284626 



2.321156 

1.00 

.7757 

.8311 

.003595 

2.134962 


5.337406 



1.334351 

1.20 

.7529 

.8146 

.003525 

1.382962 

10*15 

3.457406 


-6 

.864351 

1.40 

.7308 

.7985 

.003456 

9.478444 x 

23.696110 

X 

10 ° 

5.924027 x 

1.60 

.7093 

.7827 

.003388 

6.767984 


16.919960 



4.229990 

1.80 

.6885 

.7672 

.003321 

4.987496 


12.468740 



3.117185 

2.00 

.6683 

.7520 

.003255 

3.767333 


9.418333 



2.354583 

2.20 

.6552 

.7429 

.003190 

2.955444 


7.388610 



1.847152 

2.40 

.6424 

.7339 

.003126 

2.357184 


5.892960 



1.473240 

2.60 

.6298 

.7250 

.003063 

1.906021 


4.765053 



1.191263 

2.80 

.6174 

.7162 

.003001 

1.359384 


3.898460 



.974615 

3.00 

.6053 

.7075 

.002940 

1.288874 


3.222185 



.805546 

3.20 

.5964 

.7016 

.002880 

1.084236 

io- 16 

2.710592 


■7 

.677648 

3.40 

.5877 

.6957 

.002821 

9.192073 x 

22.980183 

X 

IO* 7 

5.745045 x 

3.60 

.5790 

.6899 

.002763 

7.845629 


19.614073 



4.903518 

3.80 

.5705 

.6841 

.002706 

6.737333 


16.843333 



4.210833 

4.00 

.5621 

.6784 

.002650 

5.817333 


14.543333 



3.635833 

4.20 

.5553 

.6741 

.002594 

5.071110 


12.677776 



3.169444 

4.40 

.5486 

.6698 

.002540 

4.440517 


11.101293 



2.775323 

4.60 

.5419 

.6655 

.002486 

3.903184 


9.757960 



2.439490 

4.80 

.5354 

.6613 

.002433 

3.444666 


8.611666 



2.152916 

5.00 

.5289 

.6570 

.002381 

3.049406 


7.623516 



1.905879 

6.00 

.5026 

.6395 

.002135 

1.755702 


4.389256 



1.097314 

7,00 

.4853 

.6250 

.001908 

1.087925 

lO* 17 

2.719814 


10 * 8 

.679953 

3.00 

.4626 

.6126 

.001700 

6.935554 x 

17.338886 

X 

4.334721 x 

9.00 

.4466 

.6023 

.001510 

4.620000 


11.550000 



2.887500 

10.00 

.4330 

.5927 

.001337 

3.160740 


7.901850 



1.975462 

11.00 

.4215 

.5851 

.001179 

2.214814 


5.537036 



1.384259 

12.00 

>.4115 

.5781 

.001008 

1.534814 


3.837036 



.959259 

13.00 

.4033 

.5723 

.000862 

1.084444 

IO' 18 

2,711111 


.ft 

.677777 

14.00 

.3961 

.5672 

.000736 

7.777777 x 

19.444443 

X 

10 9 

4.861110 x 
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10 6 

10 5 


10* 


lcr 


io 2 


10 
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TABLE XII. - CALCULATED RAMAN BACKSCATTER RECEIVED SIGNAL FOR THE vl 
SYMMETRIC VIBRATION LINE OF H 2 0 FOR A MOLECULAR ATMOSPHERE. (ASSUMING 
CONSTANT MIXING RATIO OF 1 gm/kg AND CROSS SECTION OF THE ORDER OF 
THE NITROGEN v = 0 -» 1 TRANSITION) 


z 

o 


n H 2 0 

x s 



V 



n s 



(km) 

q(3400 A ) M 

q(4000 A) m 

(meter ) 

(amperes ) 



(volts ) 



(ct/sec ) 



.20 

.9839 

.9918 

.00388.6 

8.733096 

X 

10-13 

21.832740 

X 

h- 

o 

L 

5.458185 

X 

10® 

.40 

.9681 

.9837 

.003812 

2.089908 


lo-i* 

5.224770 



1.306192 


c 

.60 

.9526 

.9757 

.003738 

8.890844 

X 

22.227110 

X 

10 ” 5 

5.556777 

X 

10 5 

.80 

.9373 

.9677 

.003666 

4.786214 



11.965536 



2.991384 



1.00 

.9222 

.9598 

.003595 

2.931273 



7.328183 



1.832045 



1.20 

.9088 

.9527 

.003525 

1.952337 



4.880843 



1.220210 



1.40 

.8955 

.9457 

.003456 

1.375569 



3.438923 



.859730 



1.60 

.8825 

.9386 

.003388 

1.009785 


10-1 5 

2.524464 



.631116 



1.80 

.8696 

.9317 

.003321 

7.650073 

X 

19.125183 

X 

iO" 6 

4.781295 

X 

10 4 

2.00 

.8569 

.9248 

.003255 

5.940496 



14.851240 



3.712810 



2.20 

.8456 

.9186 

.003190 

4.716392 



11.790980 



2.947745 



2.40 

.8344 

.9124 

.003126 

3.806369 



9.515923 



2.378980 



2.60 

.8234 

.9063 

.003063 

3.115088 



7.787720 



1.9469 30 



2.80 

.8125 

.9002 

.003001 

2.579377 



6.448443 



1.612110 



3.00 

.8018 

.8941 

.002940 

2.157569 



5.393923 



1.348480 



3.20 

.7922 

.8887 

.002880 

1.824258 



4.560646 



1.140161 



3.40 

.7828 

.8834 

.002821 

1.554688 



3.886720 



.971630 



3.60 

.7735 

.8780 

.002763 

1.333888 



3.334720 



.833680 



3.80 

.7643 

.8727 

.002706 

1.151436 


10-16 

2.878592 



.719648 



4.00 

.7552 

.8674 

.002650 

9.993333 

X 

24.983333 

X 

10-7 

6.245833 

X 

10 3 

4.20 

.7471 

.8627 

.002594 

8.731554 



21.828886 



5.457221 



4.40 

.7391 

.8580 

.002540 

7.663481 



19.158703 



4.789675 



4.60 

.7311 

.8533 

.002486 

6.751925 



16.879813 



4.219953 



4.80 

.7233 

.8486 

.002433 

5.971702 



14.929256 



3.732314 



5.00 

.7156 

.8440 

.002381 

5.300148 



13.250370 



3.312592 



6.00 

.6817 

.8236 

.002135 

3.066888 



7.667220 



1.916805 



7.00 

.6528 

.8057 

.001908 

1.886592 



4.716480 



1.179120 



8.00 

.6281 

.7901 

.001700 

1.214518 


r-* 

1 

o 

3.036296 


CO 

t 

o 

.759074 



9.00 

.6060 

.7764 

.001510 

8.092592 

X 

20.231480 

X 

5.057870 

X 

10 2 

10.00 

.5885 

.7645 

.001337 

5.541481 



13.853703 



3.463425 



11.00 

.5729 

.7541 

.001179 

3.880000 



9.700000 



2.425000 



12.00 

.5596 

.7452 

.001008 

2.690369 



6.725923 



1.681480 



13.00 

.5485 

.7376 

.000862 

1.900740 



4.751850 



1.187962 



14.00 

.5392 

.7313 

.000736 

1.365184 



3.412960 



.853240 
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n s * 


where e is the electronic charge. These results have also been 
plotted and are shown in figures 2, 3, and 4. 


IIF. Application of Raman Scattering to Measurements in the Atmosphere 
If the water vapor mixing ratio, w, is defined as the mass of 
water vapor per unit mass of dry air, then from equation ( 69 ) the ratio 
of the signal .returns from the atmosphere is related to w by 

V(Z)H 2 0 _ ls(Z)H g O _ 7(3976 ^ Eh 2° ^HgO ^ 

v(z) N i s (Z) N 0 flfl) 

2 2 7 (57T7 A) e n2 n^Z) 

assuming (3777 $) “ il(3976 X) and q(3777 X) = q(3976 X). In similar 
fashion an indication of the aerosol mixing ratio, a, can be shown to 
be proportional to the ratio of the elastic scattered return to the 


nitrogen return as 


V ^ Z ^Elastic _ x g^ Z ^Elastic. 


i R (Z) 


S' / N«- 


o /dcp dcp > 

7 (^71. 5 A)E Elast J^n M (Z) + - A n A (Z) 


7(3777 A)E g n (z) 

d “No 2 


where — is the cross section for molecular Rayleigh backscatter, 

cjcp 

n w is the total molecular number density, — is the aerosol back- 
M dn A 

scatter cross section, n A is the aerosol number density, and c is 


a constant. 





Backscatfer Return Signal 
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FOR TRANSMISSIVITY OF 
ELTERMAN'S " CLEAR ATMOSPHERE " 



1 


i 





The ra-fcio of signals given in equation (75) will only provide an 
indication of aerosol mixing ratio since it neglects the interaction of 
aerosols with water vapor. This interaction may change the backscatter 
due to the aerosols changing size and index of refraction without a 
corresponding change in the aerosol number density. 



III. MIXING IN THE EARTH’S LOWER ATMOSPHERE 


The major mechanism for mixing in the lower atmosphere is turbulent 
diffusion. A complete analysis of turbulence and its effect on mixing 
must involve the equations of motion of the gas . Exact solutions of 
these equations have been obtained for a limited number of special cases 
considering only simple geometric configurations; consequently, the 
study of turbulent diffusion in the atmosphere has centered on the 
development and utilization of statistical models. The model for 
turbulent mixing to be discussed here was suggested independently by 
Prandtl^ 2 ^) Taylor (50) i s referred to as the mixing length 

theory. This model is an attempt to frame turbulent diffusion in terms 
similar to molecular diffusion of kinetic gas theory. In the mixing 
length theory the transfer entity is pictured as a volume of gas, 
called an eddy, which maintains its identity and characteristics from 
its creation until it has moved a distance Z, referred to as its mixing 
length, at which point it is absorbed into its surroundings. No restric- 
tions are placed on the size of an eddy or its mixing length. The 
mechanism of turbulent diffusion in analogy with molecular diffusion 
must be viewed with caution. Molecular diffusion is described by a 
model in which the distance and time scales are very small compared to 
the scales of the property being diffused. In turbulent transfer the 
scales of the turbulent motion are frequently of the same order as those 
of the property being transported, and never very much smaller. In 
addition, turbulence is a continuum phenomenon. The success of the 

^9 


mixing length . concept lies in the fact that only simple assumptions 
regarding Z sire required in order to obtain a useful analysis of 
many aspects of turbulent motion. 

Consider that the concentration, of a constituent in the atmosphere, 
such as water vapor or aerosols, has an instantaneous distribution given 

as S(Z), then its average vertical transport (momentum flux) can be 
written as 

F S (Z) = p(Z)w(Z)s(Z) (76) 

where F s is the average vertical transport 
P is the mass density of air 
w is the instantaneous vertical velocity 
S 'is the mixing ratio of the constituent 
Z is the altitude 

and 

the bar denotes a time average 

Due to random motions of the eddies, w(Z) and S(Z) may be divided 
into their respective average part and fluctuating or eddy part as 

w(Z) = w(Z) + w’(Z) 

and 

S(Z) = S(Z) + S’(Z) 


then equation ( 76 ) becomes 


Since only turbulent diffusion is to be considered, w = 0 and 


F g (Z) = p(Z)w'(Z)S(Z) + p(Z)w'(Z)S’(Z) 

From eddy to eddy p(Z) c* constant, therefore, 

F S (Z) = p(z)w'(Z)S'(Z) (78) 

since w* (Z) = 0. 

Consider, now, a horizontal plane through which eddies are passing. 
For an eddy that originates a distance l above this plane, the fluc- 
tuating part of S(z) can be written as 


S'(Z) = S(Z) - S(Z + l) 


ds(z) 

Sz 


Using this for S'(Z), equation ( 78 ) becomes 


F g (Z) = -P (Z)w' (Z)Z 


ds(z) 

~bz~ 


= -p(Z)Kg(Z) 


as(z) 

~bZ 


( 79 ) 


where Kg(z) = w'(z )2 and is referred to as the eddy diffusion 
coefficient. In the framework of the mixing length theory, equa- 
tion (79 ) is the equation that should determine turbulent mixing 
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in the atmosphere. Difficulties arise even in this simple model of 
turbulent diffusion when it is applied to studies of the atmosphere 
because of the complexity of the diffusion coefficient. Fleagle and 

Bussinger^l) give for K: 


K« I s (&f - a £ 

\bZj T 


where 


v is the horizontal wind velocity 
a is an unknown constant 
g is the gravitational constant 
T iS' temperature 


r is the adiabatic lapse rate defined as the negative 


slope with altitude of the adiabatic temperature 
relationship, TP K * constant, where P may be 

related to altitude, T s - 


The atmosphere at an altitude Z is said to be adiabatic if 

- = r(Z), where T(Z) is the true temperature profile. An 

oZ 

adiabatic atmosphere is neutrally stable since eddies expand adiabatic- 
ally under vertical motion and axe thus always in equilibrium with their 

1 J - - TJ 3T(Z) r\f t T\ .Jm.AM.Uaha A a aaaaJ Jam 3 aJ.aU*1 a 


surroundings. If - 


< r(Z), the atmosphere is considered stable 


at Z because of the restoring buoyant forces. Otherwise, if 

cvrf z ) 

- ■' v ■ > T(Z), the atmosphere is considered unstable. 
oZ 

Equation (79) indicates that mixing takes place, on the average, 
from regions of high concentration to regions of low concentration. 


If the earth is the source of the atmospheric constituent, such as 
water vapor, aerosols, or pollutants, the tendency is for the mixing 
to be vertically upward. 

The height up to which this mixing takes place is important, 
particularly in regard to aerosol and pollutant mixing. The higher 
this mixing height, the lower (on the average) is the concentration at 
the earth's surface. For an adiabatic atmosphere, from equation (80) 


K(Z) 




Thus, the mixing helmet for this case will be that altitude where 

^ ~ 0, or where the winds are not affected by the disturbing pres rue 
of the earth. This height is on the order of 1 to 2 km. The atmosph^ie 
however, is seldom adiabatic; rather it is more often layered with each 
altitude layer having varying degrees of stability and instability. 
Equation (8o) indicates that the magnitude of the eddy diffusion 
coefficient is altered by the stability of the atmosphere. In a stable 


layer 


( 8 * r ) 


> 0 indicating that mixing is discouraged. For an 


unstable layer, mixing is encouraged since 


(1 * r ) •= °- 


Thus, if a 


very stable layer is present in the lower atmosphere, its height may 
determine the height of the mixing layer since it would tend to cap 
further upward mixing. 

This analysis indicates that turbulent mixing within the framework 
of the mixing length theory is determined by the rms value of the mixing 
length, the horizontal wind gradient, and the stability layering in the 


atmosphere. 


IV. NOISE ANALYSIS 


The sources of noise or uncertainty in an optical radar system 
include shot noise, thermionic emission at the photocathode of the 
detector, sky background, variations in dynode amplification, and near- 
field scattering of fluorescence radiation produced by the laser and 
Johnson noise. Of these, only the first three will be considered in 
detail, since Johnson's noise and fluorescence are small and can be 
neglected. The shot noise of the signal current from the photo- 
multiplier including these three effects is 

M = o[ 2 e(i s + i D + i B )AfJ l/2 (81 ) 

where 

G is the electron gain of the phototube 
e is the electronic charge 
i s is the signal current at the photocathode 
ijj is the thermionic emission current at the photocathode 
i B is the sky background current at the photo cathode 
and Af is the electrical bandwidth 

The signal-to-noise ratio is then: 


S = ±S 
N Ai 


2e(ig + ip + i B )Af 


1/2 
s 

Assuming a ^ = 2 for minimum signal detection criterion, 


0 


f ' 


(82) 


equation ( 82) can be rewritten as 
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ig = 4e Af + |l6e 2 Af 2 + 8e(i D + igjAfj 1 ^ 2 (83) 

With (i D + i B ) ~ 2 x lO-^ amperes, as discussed in appendix F, and 
using the calculated signal current given in tables VII through XII, 
curves relating altitude limit and bandwidth, Af, have been constructed 
for oxygen, nitrogen, and water vapor Raman returns and are shown in 
figure 5* The detection altitude and/or the altitude resolution can be 
increased by averaging returns from a number of laser transmissions. 

At any given altitude, or for any given altitude resolution, it will be 
shown for the photon counting case that S/N is increased by the square root 
of the number of laser firings* this result is also applicable here. 

At higher altitudes the signal at the oscilloscope becomes a 
series of spikes corresponding to individual photon events. At this 
signal level it becomes convenient to count these events in successive 
altitude resolution windows and sum the results over a large number of 
laser transmissions as a measure of baekscatter from the atmosphere. 

Since the rate of emission of photoelectrons from the photocathode of 
the detector is assumed to be Poisson, the fluctuation in the number of 
counts for a counting time t can be written as^ 2 ) 


where 


An = 




ng is the signal count rate 

n B is the thermionic emission count rate 


( 84 ) 



Receiver Electrical Bandwidth, Af, Hz 
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Maximum Altitude For S/N = 2, km 


Figure 5. - A plot of receiver bandwidth and altitude resolution 
as' a function of maximum altitude for nitrogen, oxygen, and 
water vapor with signal detection criterion s/N = 2. 


Minimum Resolution, km 
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and. 


n B is the sky background count rate 
The signal-to-noise ratio is then: 


Tn s = TO s 

^ |^( n S + n D + n B) 1 ^ 2 


( 85 ) 


If m successive laser firings are made and the photon counts 
are summed over successive counting times, t, s/n can be increased 
toy /in as 


S = 
N 


mTns 


mT(n g + n D + n B ) 


1/2 


( 86 ) 


Again using as the minimum detection criterion — = 2, 


N 


equation (86) may be rewritten as 


n = JL + p ■ ■ + — (n-n + n B )l 

S mT |_(raT) 2 ®t D BJ 

Using the calculated count rate from the atmosphere given in tables VII 
through XII, a series of curves can be constructed relating the product 
mT with maximum altitude. These are shown in figure 6 for oxygen, 
nitrogen, and water vapor, and provide the basis for establishing a 
relationship between laser pulse repetition rate, stability of the par- 
ticular atmospheric phenomena being observed, altitude resolution, and 
maximum attainable altitude. 
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Figure 6. - A plot of the product of counting time and number of 
laser transmissions as a function of maximum altitude for 
nitrogen, oxygen, and water vapor with signal detection 
criterion S/N = 2. 



V. EQUIPMENT 


General 

The optical radar system used in this investigation was installed 
in an environmentally controlled mobile van. A photograph of the van 
is given in figure 7 with its rear door open showing the laser system. 
The laser and telescope of the optical radar system are aligned parallel 
and pointed on the vertical directly below a hatch in the roof of the 
van. The laser pulse propagates through the hatch and vertically into 
the atmosphere. As this pulse of laser energy propagates upward through 
the atmosphere, part of it is scattered by molecules and aerosols. A 
small portion of the scattered energy is collected by the telescope and 
is spectrally analyzed to provide basic information concerning the 
earth's lower atmosphere. 

VA . Laser Transmitter 

The laser system used in this investigation is a frequency 

doubled Korad Kl-Q Q-switched ruby laser. A sketch of the laser 

transmitter is shown in figure 8. The cavity of the laser is defined 

by a totally reflecting rear reflector and a partially reflecting 

front sapphire etalon. Mounted within the cavity is a 9/16 x 4- inch 

ruby rod pumped by a helical xenon flash lamp, and a Pockels cell 

Q-switching device. The Pockels cell switches the Q of the laser 

cavity approximately 1-5 msec after the flash lamp fires, producing a 

. , o 

nominal 1 joule pulse of 20 nsec duration at 694-3 A contained in a 
beam of approximately 5 mrad. The Q-switching by the Pockels cell 
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Low Pass Filter 


Vacuum Photo-diode 


Adjustable Platform 



Beam Splitter 


Frequency Doubling Crystal 


Front Sapphire Eta Ion 


Ruby rod and Xenon Lamp 


Pockel Cell Q -switch 


Rear Reflector 


Figure 8. - A sketch of the laser transmitter. 
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produced a high level of rf noise which was eliminated by wrapping the 
unit in several layers of aluminum foil and double shielding the Pockels 
cell cable and. signal cable. 

The output of the ruby laser is frequency doubled ( 3 ^ 71.5 A) by 
a nonlinear ADP crystal with conversion efficiency of about 4 percent. 
Temperature control of the ADP crystal to within ±1° F was necessary to 
maintain peak conversion efficiency. A simple feedback temperature 
control system was designed that was able to meet the ±1° F temperature 
control requirement. 

The beeun splitter shown in figure 8 directs a small portion of 
the emitted laser energy onto a vacuum photodiode whose spectral 

response is limited by a low-pass filter. The filter rejects the laser 

o o 

fundamental at 69*0 A while passing the second harmonic at 3*01*5 A. 

A test was performed to evaluate the rejection capability of the low- 

pass filter for the laser fundamental. The laser was pulsed both with 

and without the frequency doubler crystal placed in front of the laser. 

As was expected, the photodiode only responded when the laser was 

pulsed with the crystal in place, indicating that it is not sensitive 

to the laser fundamental. The signal from the photodiode is slightly 

integrated so that the peak of its output is proportional to the total 

energy of the laser pulse at 3*01*5 X. 

All laser components are mounted on a rigid platform which is 
adjustable in two degrees of freedom to permit alignment with the 
receiver system. 
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VB. Receiver System 

\ 

The telescope that collects the backs eattered radiation from the 
atmosphere was designed around an available f/3, l6-inch -diameter 
schlieren mirror. A drawing of the telescope is shown in figure 9 * 

The telescope tube is made of rolled aluminum plate with mounting 
brackets at the rear and a flange at the bottom. Attached to the flange 
is a plate that supports the weight of the primary mirror. Nine support 
points are provided for the primary mirror to reduce the possibility of 
introducing optical distortion due to stressing. These nine support 
points are arranged in groups of three. Each group of support points 
i s , in turn, supported and made adjustable by a micrometer. The 
secondary is a first surface flat mirror cut in an elliptical shape to 
match the cone of light from the primary mirror and to maintain minimum 
obscuration of the incident radiation. ' The secondary mirror is mounted 
with Eastman 51 0 optical cement on a brass cylinder cut at 45° • Three 
micrometers mounted above the cylinder provide angular adjustment of 
the secondary. An accessory optics cradle is mounted on the outside 
of the telescope tube. 

For the initial experiments performed with a precision dual 
monochromator, the arrangement of the receiver system was as shown in 
figure 10. In this configuration the backscattered radiation from the 
atmosphere was focused by the primary mirror in the plane of a 0.3-inch 
adjustable stop. The collected radiation was refocused by two anti- 
reflective coated lenses onto the entrance slit of the monochromator. 
Both lenses were mounted in a Lansing mount which provided angular 
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adjustment to minimize coma in the final image and translational adjust- 
ment to allow for precise focusing. The monochromator was mounted on 
two heavy aluminum plates separated by a teflon sheet. Eight position- 
ing bolts attached to the lower plate and in contact with the upper 
plate provided three degrees of adjustment of the monochromator in the 
horizontal plane. Hie lower plate was supported by three bolts arranged 
in a triangular pattern providing vertical and tilt adjustments. A 
dual monochromator was selected for this investigation because of its 
ability to reject stray light. This is of particular importance in a 
Raman scattering experiment because of the presence of the relatively 
intense elastic scattered line near the Raman lines of interest. The 
dual monochromator used in this investigation was a Spex Model 1400-11, 

with straight slits 50 mm high, adjustable to 3 mm wide, and gratings 

o 

blazed to give a maximum reflectance at J>000 A. It has a maximum stray 

12 

light rejection greater than 10 . The analyzed light is detected by 

an Amperex 5 6 DUVP, 14-stage photomultiplier tube placed at the exit 
slit of the dual monochromator. This phototube, in combination with 
the dynode circuitry provided by the manufacturer, produces a 2 to 3 nse c 
pulse for each photoelectron event, making it ideal as a detector in 

photon counting experiments. The linearity of the phototube was veri- 

\ 

fied by comparing its output current with its output count rate over a 

range of light intensities of a tungsten lamp. The characteristics, as 

0 

measured by the manufacturer for this phototube, indicate a gain of 10 
when operating at 2000 V and a peak quantum efficiency of 1 6 percent. 

A 50 ft anode load resistance at the phototube and a matching 50 ft 
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impedance at the input of the preamplifier results in an effective 
load resistance of 25 ft- The preamplifier is a variable gain (up to 
100) 100 MHz bandwidth amplifier made by Lecroy Research Systems. The 
signal is then presented to a variable bandwidth amplifier, which is 
a Tektronix type 0 oscilloscope preamplifier, and displayed on a 
Tektronix type 556 oscilloscope. 

After the experiments performed with the monochromator were com- 
pleted, the receiver system was modified to make use of the higher 

throughput of interference filters. Three interference filters, each 
o 

55 A wide, were used in this phase of the experiment. The bandpass of 

^ o o . o 

the filters were centered at 5669 A, 5777 A, and 5976 A which correspond 
to Raman bands from oxygen, nitrogen, and water vapor, respectively. 
Optical transmission curves were measured for the three filters on a 

Cary 14 spectrophotometer to determine their rejection of the relatively 

■ ° , 
intense elastic scattered line at 5^71-5 A. Since the Cary 14 

instrument is not sensitive below 0.1 percent transmission, it was 

necessary to verify the rejection of the filters in the experimental 

setup. This check was performed by two methods. First, before the 

monochromator was removed from the system it was adjusted to select 

the elastic scattered radiation from the atmosphere at 5^71-5 A. Each 

filter was then placed between the monochromator's exit slit and the 

phototube, and the laser was pulsed. If each filter was blocked at 

5471.5 A, no backscatter signal from the atmosphere would be observed. 

This was determined to be the case wheri an additional blocking filter 

was provided for the nitrogen and oxygen interference filters. No 
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additional blocking was required for the water vapor filter. The peak 
transmission of each filter is given in Chapter II. The second test 
was performed after the monochromator was removed from the system. In 
this test an interference filter centered at 5471.5 X was used with 
each Raman band filter. The results of the second test were in agree- 
ment with the first. It should be stated that these tests could only 
check the blocking of the Raman band filters to within a factor of 5 
since both the monochromator and the 5471-5 A filter have transmissions 
of the order of 20 percent. A sketch of the modified receiver system 
is shown in figure 11. The single lens, in a Lansing mount, collimates 
the backscatter return before it passes through the particular inter- 
ference filter and is incident on the phototube. The external circuitry 
is identical -to the original setup with the exception that the bandwidth 
limiting amplifier is a Tektronix type D oscilloscope preamplifier. 

VC. Alignment of the Receiver and Laser Transmitter 

The alignment of this system is difficult, since both the telescope 
receiver, and laser transmitter are rigidly fixed, pointing on the verti- 
cal. For alignment purposes an l 8 -inch-diameter mirror is mounted above 
the telescope, as shown in figure 12. Collimated light from a zirconium 
arc lamp is directed down the mechanical axis of the telescope. This 
collimated light is produced by replacing the telescope primary with an 
optical flat. The arc source is then positioned to be coincident with 
its return tangential image. With the primary again in place, the 
telescope and stop position are aligned. In the initial setup shown in 
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figure 10, the two lenses are adjusted, using standard retro-reflective 
techniques, to minimize coma and to produce a sharp image at the entrance 
slit of the monochrometer. In the modified receiver system shown in 
figure 11, retro-reflective techniques are again utilized to assure 
maximum collimation and proper orientation of the interference filters. 

The alignment of the laser's optical axis to the telescope's 
optical axis is accomplished using an alignment fixture shown in 
figure 12. The two front surfaced mirrors on the alignment fixture are 
adjusted to be parallel using an independent source of parallel light. 

The fixture is then positioned in the collimated beam from the l8-inch 
mirror. Again utilizing retro-reflective techniques, the laser table 
is adjusted until the laser's front mirror is perpendicular to the 
optical axis of the telescope. Final alignment of the laser and 
telescope is performed by adjusting the orientation of the laser trans- 
mitter until a maximum backscatter return is received from the 

t 

atmosphere. 

VD. Supporting Equipment 

Radiosondes : Environmental Sciences Services Administration 

personnel assigned to NASA, Wallops Island, Virginia, launched standard 
U. S. Weather Bureau radiosondes in support of this research. The 
radiosonde provides a measure of pressure, temperature, relative humidity, 
and wind velocity as a function of altitude. The relative humidity used 
to calculate water vapor mixing ratio has stated accuracies of ±5 per- 
cent and ±10 percent down to equivalent dewpoint temperatures of -10° C 
and -40° C, respectively. 



Aerosol Measurements ; Two balloons with particle scattering 
instrument packages attached were launched April IT, 1970, by Dr. J. M. 
Rosen of the University of Wyoming. In the first package, referred to 
as a particle sampler, individual light pulses produced by aerosols 
pumped through a scattering chamber were detected by a phototube, pulse 
height analyzed, and counted in two channels: (l) aerosols larger than 

Ok 25 u diameter, and (2) aerosols larger than 0.4 m. diameter. The 
second package, termed a dust photometer, measured the ratio of total 
elastic scattering to molecular Rayleigh scattering by alternately 
filtering and not filtering the atmospheric gas sample being pumped 
through the scattering chamber. 
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VI. DATA ANALYSIS AND EXPERIMENTAL RESULTS 

General 

A typical analog Raman return from atmospheric nitrogen is shown as 
the top trace in figure 13(a). The "bottom trace inl3(a) is the integrated 
output of the laser energy monitor. Its peak is a relative measure of 
the laser energy at 3^71*5 A. The maximum return signal from the 
atmosphere occurs shortly after the laser pulse moves into the field of 
view of the telescope. After crossover, the signal from the atmosphere 
obeys the optical radar equation for Raman backscatter (eq. ( 69 )). 

VIA. Data Analysis 

Each oscillogram of the analog signal is analyzed using a film 
reader. Computer punch cards are obtained for each significant datum 
point, are compiled and computer plotted in relative units as shown 
in figure 14- . The oscillogram and computer plot are compared as 3 , 
check on film reading accuracy. The initial data are analyzed further 
to provide a plot of normalized backscatter signal as a function of 
altitude, as shown in figure 15. The square symbols in figure 15 
represent linear interpolations of the data at 50 m intervals. The 
Z 2 dependence of the signal is removed by forming the quantity Z 2 V/E, 
which is also computer plotted, and a typical example is given in 
figure 16. • A number of signal profiles are used to obtain an average 
return from the atmosphere. 

An increase in bandwidth and external gain of the receiver 
electronics produced oscillograms of the Raman return signal which 
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Figure 13.- 


(a) typical analog Raman return from atmospheric nitrogen. 

(b) A typical oscillogram taken for the puiposes of 
photon counting. 




Normalized Return Signal, V/E 





were used to count individual photon events. . A typical oscillogram of 
the nitrogen signal taken for the purpose of photon counting is shown 

c 

in figure 13(b). The individual pulses are counted in successive 
4 nsec time windows which corresponds to an altitude resolution of 
0.6 km. The;. photon count return signal, from many (usually 50 or more) 
laser probings are added together to obtain the final profile of back- 
scatter from the atmosphere. 

VIB. Early Experimental Results Using a Monochromator to Select 
Spectral Bandpass 

In August 1969 , the initial Raman atmospheric backscatter experi- 
ments were conducted using a dual monochromator. A spectrum of the 

atmospheric backscatter was compiled by firing the laser while the mono- 

o 

chromator was adjusted in 10 A increments. Over the spectral range 
o o 

5^00 A to 4-000 A , four bands were observed; the elastically scattered 

band at 3471.5 %, the 0-1 vibration-rotation bands of N 2 and 0 2 at 

3777 X and 3669 &, respectively, and the vl symmetric vibration line 

. o 

of water vapor at 3976 A. The observation of Raman scattering by water 
vapor in this series of experiments constituted the first remote 
measurement of a minor atmospheric constituent using an optical radar 
system and was reported in reference 14. 

lypical Raman returns from the atmosphere are shown in figure 17 , 
which were obtained with the monochromator set at the wavelength 
indicated. These profiles were measured over Hampton, Virginia, on the 
night of August 11, 1969 , under the following surface conditions: 
temperature, 71° F; relative humidity, 88 percent; barometric pressure. 
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WATER VAPOR (3976A) 

a) 
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WATER VAPOR (3976A) 

b) 
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NITROGEN (3777A) 

c) 



d) 


Figure 1J-- Typical Raman backscatter returns from the atmosphere 
versus time after laser emission taken using the dual 
mono ch romat or . 
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29*92 in. Hg; winds, less than- 5 knots from the northeast. To verify 
the rejection of stray light by the monochromator, a number of measure- 
ments were made at the wavelengths 3570, '3875, 3922, and 4050 X for 
which no Raman backscatter by atmospheric constituents was expected. 
Given in figure 17(d) is an oscillogram obtained at 3875 % which is 
identical to the oscillograms obtained at thfe other three wavelengths. 
Ibis oscillogram is also identical with that obtained with the entrance 
slit of the monochromator closed and, in consequence, represents a 
measure of the system noise. The ratio v h 2 o^ z ^/ v N 2 ^ Z ^ for 
oscillograms (17(a) and 17 (c)) is shown in figure 18, along with its 
estimated ims error. Also shown in the figure is the water vapor mixing 
ratio obtained from the Wallops Island, Virginia, radiosonde taken the 
night of August 11, 1969* Wallops Island is located approximately 
75 miles northeast of Hampton; however, in view of the wind direction 
that prevailed at the time of the experiment, the radiosonde measure- 
ments should be indicative of the moisture profile in the atmosphere 
over the test site. Because of the good agreement obtained, additional 
experiments were planned using interference filters to increase the 
optical efficiency of the receiver system. 

VIC* Experimental Results Using Interference Filters as Spectral 
Band Selectors 

After the receiver system was modified to make use of interference 

'i 

filters, the mobile van containing the optical radar equipment was moved 

j 

to Wallops Island, Virginia. This relocation was made because of the 
availability of extensive meteorological support at Wallops Island. 
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Figure 18.- A comparison of the ratio, Vh 20 (z)/Vn 2 (Z), with 
water vapor mixing ratio w obtained from a radiosonde. 
O, V H 0 (Z)An 2 (Z) (left scale). •, w (right scale) 


Water vapor mixing ratio, w, parts per thousand 



A number of tests were performed at Wallops Island during December 
1969> February, April, and June 1970. 

VIC1. Examples of Average Analog Backscatter From the Atmosphere 

Shown in figure 19 are typical examples of the analog average 
profiles for nitrogen and water vapor taken on the night of December k, 
1969* These average profiles for Ng and HgO were constructed from 
seven and eight oscillograms, respectively. The bars represent the la 
variation of the experimental data. The curves are the calculated signal 
return from a "clear atmosphere" normalized individually to the experi- 
mental data at the points indicated. Comparing the HgO data with the 
calculated return for a constant mixing ratio of 1 gm/kg indicates that 
the water vapor mixing ratio may not have been constant with altitude as 
assumed in the calculations. 

In February 1970, average oxygen profiles were obtained. Shown 
in figure 20 are typical examples of the average profiles for Ng, 0 2 , 
and HgO compared with their respective calculated signals. The elastic 
scattered return was observed during the April 1970 experiment and an 
average profile is shown in figure 21 along with average profiles of 
Ng and HgO. A statistically significant aerosol layer is apparent on 
the elastic scattered return at an altitude of 1 km. 

The variations in atmospheric attenuation are clearly indicated 
in figure 22, which is a normalized comparison of nitrogen profiles 
made in February and June 1970* The attenuation in the lower atmosphere 
in the June data was apparently higher and is indicated by the larger 
slope of the profile below an altitude of 1 km. Above this altitude 
the slopes of the two profiles are similar. 
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Figure 19* - Typical examples of average analog profiles for nitrogen 
and water vapor taken the night of December 4, 1969- "The curves 
are the calculated nitrogen and water vapor signal returns 
normalized individually to the experimental data at the points 
indicated. The water vapor calculations were performed for a 
constant mixing ratio of 1 gm/kg. 
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Figure 20.- Topical examples of average analog ir of lies for nitrogen, 
oxygen, and water vapor taken the night of Fetiuary 26, 1970. The 
curves represent calculated signal returns individually normalized 
to .the experimental data at the points indicate!. Water vapor 
calculations are for a constant mixing ratio c? 1 gm/kg. 
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Figure 21. - Typical examples of analog average profiles for nitrogen, 
water vapor, and elastic backscatter taken the night of April 1 6 , 
1970. The curves represent calculated signal returns individually 
normalized to the experimental data at the points indicated. Water 
vai ir calculations are for a constant mixing ratio of 1 gm/kg. 
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Figure 22.- Normalised comparison of nitrogen returns taken the 
nights of December k, 1969 > and June 11, 1970. 
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VIC2. Examples of Photon Counting Backscatter From the Atmosphere 

Shown in figure 23 are the return signal profiles using the 

photon counting method for N 2 and. H 2 0 taken the night of April 16, 1970. 

Each datum point represents the sum of photon counts in a k usee time 

window over 50 laser firings. A number one neutral density filter with 

o 

a transmission —9 percent at 3777 A was used in front of the phototube 
for the N 2 return to keep the count rate measurable at low altitudes. 

The horizontal bars indicate the 0.6 km altitude resolution and the 
vertical bars indicate ± the square root of the total counts for each 
datum point. The curve in this figure represents the calculated photon 
count rate for N 2 from the atmosphere normalized to the experimental data 
at the point indicated. In comparing the shape of the N 2 and H 2 0 profiles , 
it is apparent that the concentration of water vapor decreases in the 
altitude range 1-2 km and is nearly constant from 2 to above 3 km. 

Figure 24 shows the photon counting return taken the night of April 16, 
1970* for nitrogen and for elastic backscatter. The nitrogen and 
elastic scatter returns were reduced in intensity using a number 0.3 and 
two number 1 neutral density filters, respectively. At low altitudes 
the shape of the profile does not follow the calculated curve for nitro- 
gen. This behavior is due to an inability to visually distinguish 
individual photon events for the relatively high count rates obtained. 

From the nitrogen return in figure 24, an indication of nitrogen Raman 
backscatter is apparent to above an altitude of 10 km. The elastic 
scattered return shows an indication of an aerosol layer centered at 
5.8 km. 
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Altitude, Z, km 


Figure 23 .- Nitrogen and water vapor profiles using photon counting 
taken the night of April 1 6 , 1970* The curve is the calculated 
photon coun& rate as a function of altitude for Ng normalized to 
the experimental data at the point indicated. 
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Figure 2k. - Nitrogen and elastic backscatter profiles using photon 
counting, taken the night of April 16, 1970. The curve is the 
calculated photon count rate as a function of altitude for N 2 
normalized to the N 2 experimental data at the point indicated. 
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V IC3 • Comparison of the Optical Radar Data With Independent 
Meteorological Measurements 

As was indicated in Chapter II (eq. (7*0), the ratio of the water 
vapor to nitrogen Raman backscatter signals is proportional to water 
vapor mixing ratio. Optical radar measurements of this ratio have been 
compared to independent radiosonde measurements of water vapor in the 
atmosphere. Figure 25 shows the ratio of water vapor to nitrogen signals 
taken the night of February 26, 1970, normalized to the water vapor 
mixing ratio obtained from a radiosonde launched earlier the same evening. 

Although these Raman data generally agree with the independent 
measurement of the radiosonde, there are some differences in shape of 
the profiles below 1 kilometer. This low altitude disagreement may be 
due to changes in the atmosphere since there was a 3-hour difference 
between the time of balloon launch and the initiation of the Raman 
experiment. Another possible explanation is that the elastic scattered 
band is not totally rejected by the interference filters. If rejection 
is the cause of the disagreement, it would be most apparent in the lowest 
layers of the atmosphere where the aerosol scattering is greatest. Also 
shown in figure 25 is a temperature profile obtained by the same radio- 
sonde and, for comparison purposes, the temperature profiles for an 
adiabatic atmosphere. As was mentioned in Chapter III, stable regions of 
the atmosphere tend to discourage mixing. Comparing the two temperature 
profiles, it is apparent that a very stable layer was present that 
evening. The temperature profile indicates that the base of this layer 
is at an altitude of 0.8 km, and its presence has effectively prevented 
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Figure 25* - The ratio of water vapor to nitrogen return signals 
normalized to the water vapor mixing ratio measured by a 
radiosonde at the point indicated. Both measurements made 
the night of February 26, 1970- Also shown is the radiosonde 
temperature profile and adiabatic temperature profiles. 


upward- mixing, as can be seen by the, corresponding sharp decrease in 
water vapor above this altitude. Above 1 km and throughout the stable 
layer, the water vapor mixing ratio is small and nearly constant. The 
relative peak in the water vapor profile at 2.8 km may be a remnant of 
the base of a previous stable layer, an indication of the top of the 
adiabatic mixing layer described in Chapter II, or an indication of the 
early stages of cloud formation. 

Figure 26 is a plot of the ratio of oxygen to nitrogen return 

signal obtained the night of February 26, 1970, as a function of altitude. 

This ratio was- expected to be nearly constant with altitude, since the 

ratio of oxygen to nitrogen number densities is constant, and thus serves 

as a preliminary check on the assumptions q\ (Z) = q^ (Z) in 

R 1 r 2 

equations (7M and (75). Above 0.5 km the ratio is approximately 
constant, as expected. Below 0.5 km the departure from a constant value 
may again be explained on the basis of elastic scattering not totally 
rejected by the interference filters. 

Figure 27 shows another comparison of Raman ratio data with 
radiosonde measurements. This experiment was conducted the night of 
April 16, 1970* .. Again, there was a time difference between the balloon 
launch and the Raman experiment. The balloon was launched approximately 
k hours prior to the initiation of the experiment. Again, agreement 
between the Raman data and the radiosonde measurement above 0.8 km is 
very good. A possible explanation for the disagreement below this 
altitude would be the same as given previously in regard to figure 25 . 

Ihe true temperature profile in figure 27 indicates the existence of a 
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Figure 27 .- The ratio of water vapor to nitrogen return signals 
normalized to the water vapor mixing ratio measured by a 
radiosonde. Both measurements made the night of April 1 6 , 
1970. Also Shown is the radiosonde temperature profile and 
adiabatic temperature profiles. 
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stable layer extending from 1 km to approximately 1. 5 km above a thin 
(100 m) slightly unstable layer. The sharp peak in the water vapor 
profile near the boundary between the stable and unstable layers may 
have a simple explanation. Eddies mixing from below move into the 
unstable layer and are quickly mixed to the top of this layer. A 
process of this type would create a minimum concentration below the 
unstable layer, which is also evident in the water vapor profile. 

During the April 1 6 , 1970 > experiment, two balloons with particle 
sampling instrument packages, described in Chapter V, were launched by 
Dr. J. M. Rosen of the University of vyoming. Figure 28 shows a com- 
parison between the optical radar data and the results of the balloon- 
borne dust photometer as a function of altitude. The optical radar 
data are the ratio of the elastic backscattered return to the nitrogen 
return, which may provide a preliminary indication of the mixing ratio 
of aerosols in the lower atmosphere, as shown by equation (75). The 
optical radar ratio profile is equated to 1 at an altitude of approxi- 
mately 2 km. If the elastic backscattered return at this altitude is 
predominantly due to Rayleigh molecular scattering values of the ratio 
greater than 1 must be assumed to be due to aerosols. The agreement 
between the two independent measurements is evident. The peak in the 
apparent aerosol concentration within the unstable layer is also 
apparent. In general, the altitude profiles of the water vapor mixing 
ratio and the aerosol scattering ratio in figures 27 and 28 are similar. 
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Figure 28.- The ratio of the elastic scattered to nitrogen return 
signals measured by a balloon-borne dust photometer. Both 
measurements made the night of April 1 6 , 1970. Also shown 
is & radiosonde temperature profile taken the same night and 
adiabatic temperature profiles. 




VII. CONCLUSIONS 


This research has demonstrated conclusively that the Raman optical 
radar technique may be used to obtain quantitative measurements of the profiles 
of individual atmospheric molecular trace constituents, in particular 
water vapor, as well as those of the major constituents, N 2 and C^. 

A concise treatment of Rayleigh and Raman scattering by molecules 
has resulted in an approximate value for backscatter cross sections of 
nitrogen and oxygen. These calculations have included rotational fine 
structure and its effect on the effective cross section in an optical 
radar experiment. Using these cross sections, the optical radar signal 
return from Raman backscatter in the atmosphere has been calculated for 
the first time. 

In general, the experimental results show good agreement with 
independent meteorological measurements. Using a dual monochrometer, 
optical radar data was obtained from altitudes above 1 km which agree 
well with radiosonde measurements of relative humidity. Using inter- 
ference filters to select Raman bands: 

(1) Water vapor mixing ratio profiles were measured which agreed 
with radiosonde measurements to an altitude of 3.3 km. 

(2) Some disagreement between Raman optical radar profiles and 
radiosonde results was evident below an altitude of 1 km. A possible 
explanation of this disagreement is that the filters are not totally 
rejecting the relatively intense aerosol scattering at low altitudes. 
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(3) An indication of Raman backs cat ter from molecular nitrogen 
has been observed for altitudes above 10 km. 

(4) An indication of aerosol mixing' ratio to an altitude above 
3 km has been obtained that agreed well with independent measurements 
by a balloon-borne dust photometer. 

(5) Changes in the slope of the nitrogen return signals obtained 
in February and June 1970 indicate the ability of this technique to 
monitor variations in atmospheric attenuation. 

(6) Raman optical radar measurements of water vapor and 
aerosol profiles agree with a qualitative treatment of turbulent 
mixing in the lower atmosphere. 

The analysis of the Raman optical radar technique presented has 
indicated the potential of the method to remotely measure other 
molecular species in the atmosphere, such as pollutants, and to observe 
on a local basis turbulent diffusion, pollution dissipation, and cloud 
formation in the earth's lower atmosphere. In addition, the possibility 
exists of using this technique to distinguish between cloud formations 
consisting of water droplets or ice crystals. 

A natural extension of this research program would be the 
•installation of a Raman optical radar system in an aircraft to measure 
high altitude molecular profiles of water vapor and other trace 
constituents; and, as the technique is developed, experiments can be 
performed frbin a space platform to monitor upper atmospheric constituents 
on a global basis. 



APPENDIX A 


TRANSFORMATION OF THE POLARIZABILITY AND DIFFERENTIAL POLARIZABILITY 
TENSORS FROM A RANDOMLY ORIENTED MOLECULAR COORDINATE SYSTEM 
TO A LABORATORY COORDINATE SYSTEM 


The matrix for the transformation of a vector in the laboratory 
coordinate system (xj_) to a molecular coordinate system (x^) is: 


T = 


cos(x-j^x^) 

cos(xq_,X2) 

cos(x 1 ,x^) 

cos(x 2 ,x.[) 

X 

•s 

CVJ 

X 

CD 

o 

o 

cos(x 2 ,xp 

cos(x 5> x : [) 

cos(xj,x^) 

cos(x 5 ,xp 


(A-l) 


where (x^,x^) indicates the angle between the coordinate axis x^ and 
xJ. The transformation of polarizability tensor is then: 




= ^ v cos(n,£)cos( v,fl) (A-2) 

\i,v 

The a^ v matrix can be diagonalized. Denoting the principal values as 
with i * 1, 2, or 3, equation (A-2) becomes: 


= 



The average of the square of equation (A-3) can be written as: 


(A-3) 
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<C| a n?| 2 ^ > a i a j^ cos ( 1 * 2: ) cos ( 1 > fl ) cos («5^ z: ) cos (^ fl )x > (a- 4 ) 

Simplification of equation (A-4) involves using well-known values for the 
average of products of cosine functions^*^ such as: 

<cos 4 9> = | 

^COS 2 0]_ COS 2 0^>=~ 


and 


^cos 0^ cos 0g cos 0^ cos 0^^ = ” 50 

Using these values for the cosine function average^ equation ( A- 4) can 
be written as: 


<k,*l 2 > 55 


45a 2 + 4p 2 
53 2 
33 2 


33 £ 


33 £ 


45a 2 + 4p 2 53 2 

53 2 45a 2 + 4p 2 


(A-5) 


where 


and 


a * ^(°i + 02 + 03) 


p2 * IC 0 ! ‘ + (a 2 " °5 )2 + K - ^J 2 ] 


and in a similar fashion: 
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45 a ' 2 + 4 b ' 2 
33’ 2 
33‘ 2 


33’ 2 

45 a ' 2 + 4(3 
33 1 2 


33' 2 

33’ 2 

45a' 2 + 4p' 2 


where 


<*' = + a£) 

and 


(a-6) 


3' 2 = - a^) 2 + ( a 2 “ a^) 2 + (a{ “ a^) 2 ^ 



APPENDIX B 


DERIVATION OP RAYLEIGH AND RAMAN VIBRATIONAL CROSS SECTIONS 
FOR ALL POLARIZATIONS AS A FUNCTION OF 
SCATTERING ANGLE 

Assume in the laboratory coordinate system that the incident 
light is moving in the positive y direction polarized in the x 
direction, Case I and the z direction. Case II as shown helow: 

z z 




Light Light 

CASE I CASE II 


CASE I 

If the Rayleigh scattered light is observed along the x 
direction (90° scattering) the cross sections for the two polarizations 
will be: 

g(x,z,a> 0 ) s = (B-l) 
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and 


^(x,y,a> 0 ) p * ^ <|axy| 2 > 


4 


(B-2) 


where the subscript s refers to the scattered component polarized 
perpendicular to the scattering plane and the subscript P refers to 
the scattered component polarized parallel to the scattering plane* 
The scattering plane is that plane which contains both the incident 
and scattered rays. The two components of the Rayleigh scatter 
cross section along the y axis (forward scattering) can be written 
in a similar manner as: 


<M 2 > 


(B-3) 


and 


^ x ’ x ' m o>n <U 2 > 


'P c 4 


(B-4) 


at any other angle 9 equations ( B-l ) , (B-2 ) , (B-3) and (B-4) can be 
combined to yield 


VJJC Q 


(B-5) 


and 



^ e x^o)p - ^[<l°bcy| 2 X > 8in 2 0 JC + <|a 3ac | 2 > cos 2 e] (B-6) 

where 0 X is the scattering angle for incident light polarized in the 
x direction. 

Substituting the appropriate values of from equation (35) 

equation (B*5) and (b- 6) become: 

§< e x>®o)p - P 2 ) (B-T) 

and 

^(0 x ,a> o ) B = ^|(a 2 + 55 3 2 ) cos2 ®x + I^ P^j ( B - 8 ) 


In similar fashion, the cross sections for the vibrational Raman effect 
are: 


. it . j |»' 2 

- £ _s — z — _ 

diT x p P? ancDj _ e -itoj/KT 


(B-9) 


and 


2^'«> 


o> fl 

c^ 





cos Qjj. + 


5 

55 



1 . 


( B-10) 


for 


AV = +1 and a) = (co 0 - co j ) 


CASE II 

The Rayleigh cross sections for Case II which correspond to 
equations ( B-7) and (B-8) can be shown to be: 
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5^> P - > 2 + £ « 


(B-ll) 


^ 9 z^o) S " p2 ) (B ‘ 

where 6 Z is the scattering angle for incident light polarized in the 

z direction and the Raman vibration cross sections for Case II are: 


SSE/e,,^ = 

2 ;p „4 sew* 


« ,2 *&» ,s 


1 - e 


-tion/KT 


-L p- 2 

dcp/g v cc^ _Jff ^ 

<3fr s " c 4 2mccj ^-iaoj/KT 


AV = + 1 and to = (<o 0 - tOj) 


By taking the average of the sum of equations (B-7), (B-8), (B-ll), and 
(B-12), the well-known equation for Rayleigh scattering by unpolarized 
incident light is obtained, (cf. van de Hulst)^^ 


22(e,») . &±°2»fgl <|„|2> 


with p small . 



APPENDIX C 


REDUCTION OP THE PURE ROTATIONAL RAMAN CROSS SECTION EQUATION 


The pure rotational Raman cross section from equation ( 49 ) is: 

-B 0 J(j+l)hc/KT 

4 S t ( 2J + l)e 

&P / 0 r _ T \ _ “ J 


I V 21 + 1)e 


-B Q J ( J+l ) he /KT 


x ^ a^tJ|cos(i,Z)cos(i,0)| + r «^> (^9) 


Let gj be the nuclear degeneracy for J even and gj that for J odd. 
Then the denominator in equation (^9) becomes: 


OO 00 

v-. -B_ J ( J+l ) hc/KT . r-» 

l gj(2J + l)e = l + 1)' 

J=0 JO 


+ 6 


+ 3) 


-B n (4j 2 +2j)hc/KT 


-B n ( 4j 2 +6 J+2 ) he /KT 


(C-l) 


JO 


Since the increment in J is small compared to the range, equation (C-l) 
may be written 


A -B 0 J(J+l)hc/iCT 

L gj(2J + l)e 

JO 


r co -Bq(4j 2 +2J) hc/KT 

gj J (*J + l)e dJ 


p 00 

+ gj j (lu + 3)e 


-B 0 (4j 2 +6j+2)hc/KT 


dJ 
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g J CT e Ehc/4KT + 6 J Kir e 9Bhc/4KT 
2BhC 2Bhc 


ISj + sj) 


(C-2) 


assuming KT « Bhc. Substituting equation (3-2) into equation (^9) 
gives: 


i . jj - 8j(2J + D^ J(J+1)hc/Er 

5T ' ' ,J) ' ^ IS 


4 * sj 


X Y =i <V? jcos(i,Z)cos(iO)| f r «^> (C-3) 



APPENDIX D 


SAMPLE CALCULATION OP ONE TERM IN THE ROTATIONAL RAMAN CROSS SECTION 
Prom equation (51) the matrix elements to be calculated are: 

( < Wj m ,j' ni , / “i^^ j( 9 > 9 )| c °s(H) c °s(ifi)| y. ji(0,cp£> (D-l) 

The transformation matrix given in equation ( A— 1) can be rewritten in 
terms of Euler angles (cf. Goldstein): 


( cos ijf cos cp - cos 0 sin cp sin i|r -sin cos cp - cos 0 sin cpcos f 
cos t sin'tp + cos 0 cos cp sin t -sin i|r sin cp+ cos 0cos cp cos 
sin 0 sin i|c sin 0 cos \|r 


sin 0 sin 
-sin 0 cos 


20 s 0 


(D-2) 


Using this transformation matrix the 0=1=5 term of equation (D-l) 
becomes: 


j* = sln^cp| y j»(9;Cp)^> 

°mr m f 

+ (^^^(©^Isin 2 © cos^cply. jr(0^cp)^> 

+ <x 5 <^j( 0 ,q>)| c °s 20 |l^ “I( e ,cp)^> (D-3) 


Only the third term on the right side of equation (D-3) will be 
examined. !Hiis term can be written 

■ i 
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|cos 2 q| 4 j!(e#q>)^> 


<1 


'2J+1 (j-m)l *m 


-Imcp 


bjt (j+m)l J 


Py ( cos 9 ) e cos : 


,2g| /2J ,+ 1 

3 1 \ bjt (j’+m’)l 


Pjt(cos 9)e ^ 

(D-4) 


A well-known recursion relation for Associated Legendre polynomials is: 
cos 9 P^(cos 0) = (2J + 1) ^(cos 9) +(J -m +l)Pj +1 (cos 9)J 

(D-5) 


multiplying by cos 9 results in: 


p„ m. . J + m 

cos 9 P_(cos 0) = cos 

J 2J+1 


9 P® (cos 0)+ — — m + 1 -- cos 0 P^ (cos 0) 
J-l v 2J + 1 J+l 


(d-6) 


Combining equations (D-5) and (D-6) and collecting terms: 


cos^9 p“(cos 9) 
J 


(j + m)(j - m) 
(2J + 1)(2J -1) 


(J - m + 1)(J + m + 1) 
(2J + 1)(2J + 3) 


P^(cos 9) 
J 


+ ( J - m + 1)(J - 2_t g) p» (oos 6) 

(2J + 1)(2J + 3) J 2 


+ 


(j + m)(j + m - 1) 
(2J + 1)(2J - 1) 


p“. 2 (cos 9) 


(D-7) 


When equation (D-7) is substituted into equation ( D -^) , the selection 
rules AJ = 0, +2, tea = 0 sire apparent from the orthogonality of 
the 



.APPENDIX E 


A LISTING OF THE ROTATIONAL RAMAN FINE STRUCTURE BACKSCATTER CROSS 

SECTIONS OF Ng AND 0 2 

Tables El through E8 list the normalized backscatter cross sections 
for the rotational fine structure of Rayleigh scattering and v = 0 -» 1 
vibrational Raman scattering. 

Tables E9 through El6 list the calculated backscatter cross sections 
for the rotational fine structure of Rayleigh scattering and v = 0 -* 1 
vibrational Raman scattering. 

The notation in these tables such as l.k8lE+27 is to be interpreted 
as 1.481 x 10 2 7 and 9-12379E-31 as 9*12379 x 10 -51 . 
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TABLE El.- NORMALIZED BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 


J 

“0 " 

PINE STRUCTURE OP 0 2 * AT = +2 

Relative Running sum of 

cross section Normalized normalized 

AJ ■ +2 cross section cross section 

“T/48 IF + 27" “1/8421 6 E -02 "" ^ "IT 4 8 07 5 4 E + 27 

(n) 

3.fc7?54.E-0J • 

1 

0. 

0. 

1. 480754E+27 

3 , 473 73E- 01 

2 

3 • G47E + 2 7 

4 . 53741E-07 

5 . 12 7990E + 27 

3.47393E-01 

3 

0. 

0. 

5.1 2799 0F+27 

3.47462E-U1 

h 

5_* 2 5 9 E + 2 7 

5 4275 i-:- n 2 

- 1 . 0387156+28 

3. U7532F-01 

5 

b. 

0. 

1.038715F. + 28 

3 , 47 601 E- 01 

6 

6.174E+27 

7. 08133 H -02 

1. 6563 5 2E + 28 

3 . 4 7 6 7 1 E - 0 1 

7 

0. 

0. 

l.G5G157i: + 28 

3. 4774GF-01 

8 

6. 5i>tt + 27 

7,9092 8 E -02 

7 . 2 9 1 9 1 1 E + 2 8 

3 . U7R1 0F-U1 

9 

0 . 

U . 

?. 291911F + 2fi 

3 ,4787 c ir-f)1. 

10 

5.915E+27 

7 . 35873E-02 

2.88341KE+2G 

3. 4 79 4 9 E - 1)1 

11 

U . 

u . 

2 . SK341 6F.+ 28 

3 . 48019E-01 

12 

5. 04811 + 27 

(. . 28 U20F-L2 

3 - 3 8 8 7 2 K E + 2 8 

3 . 4 8 0 8 8 F - 0 1 

13 

0. 

0 . 

3 , 388228T+28 

3.481 58r-01 

14 

3 • 9 8 6E + 2 7 

4.95935E-02 

3.7868086+28 

3.4S228E-01 

~Ts 

0. 

0, 

3 . 78l;F(>8K + 2r 

3.48297F-01 

16 

2.929E+27 

3 . 0 4 3 6 7 K - 0 2 

4 , 0 7 9 7 516 + 28 

3.48367F-01 

in. . 

. 0. 

0. 

.4, 0 79 751 F_+ 28 

3 JiR437F-01 

18 

2 . 0 09E + 2 7 

2.49986E-07 

4 . 2 j: U L 9 *i K + ? 8 

3.4E507F-01 

19 

.0* 

0 * __ 

4 . 2806946+24 

. 3 . .4 8 5.7.7 E- 01 

20 

1 . ?91ti + 27 

1 .60576E-0? 

U . 4 697676 + 28 

3.4 4F47.F-I11. 

21 

0. 

0. 

4 . 4 0 9 7 6 7 F + 2 8 

3.4873FF-03 

22 

7.777E+2G 

9. 07523E-C3 

4 . 4 8 7 5 3 !' F + 7 0 

3 , 4 6 78 6r -;ii 

23 

0. 

0. 

4 . 4 8 7 3 3 * F + 7 8 

3,ti885rr-m 

24 

4.4i)?F+7f. 

5. 47P15E-M3 

li . 531 5 5 6 F + 7 8. 

7 . . lj;o? or-rii 

75 

o. 

0, 

4 . ^31 55 rr + 7« 

3 jiiiaorr-pV 

76 

7.3431+7* 

?.9]i(77F--[)3 

4 . 55 4 ^8*. K + 76 

3 . 4 0 F 6 f - m 

77 

n . 

O. 

ii . 5540006 + ?i. 

3 '.'lmi 37F-P1 

78 

1.37^+76 

1 . u r. n 2 s f - 1 1 3 

l . ?rr77 36+78 

3 , 4 9 ? (' 7 6 - 0 ] 

?°~ 

o . 

(■ . 

I' . ^ r r. /73;+? r 

3. i- ( ‘ 7 7 7 r - 61 

3(i 

' 5 . 5 3 F + 7 5 

(. . 'i 9 n 3 9 E - 0 4 

4 .677 7 671 + 7 f 

3 , ii^a 7 {--m 

31 

u . 

u. 

Ii . 3 7 7 6 7 6 + 7 r 

3.494176-01 

2? 

7. 4 (.31 +7 5"" 

3.0641 7E- 04 

I- . 3 74/73* +78 

5 # Ut)4 876-0 | 

>T 

n ; 

ii , 

4. 5747?m + ?;. 

3 . 40 5 5 0 !■ - n 1 


IT 033 T +75 

K2W4T-(Ui 

i . 3757581 +76 

3 . 400786-01 

35 

0 . 

II. 

6 . 5757586 + 78 

3 . 4 9 r, 9 f , r - n 1 

37T 

4 , 08 4!‘ + 2 4 

' 5 . 080476-05 

4.67 r, i n 0 1 + 7 8 

3 .497608-01 

3 7 

(j . 

'if. 

4 . 57M rrr + 78 

3 . 4 9 8 3 9*'- 01 

3 8 

1 . 5 741+7 4 

1,89 59 76-0.5 

4 , 5 7 f 51-; +76 

3 . 4 9 909 f - (;1 

3h 

u . 

0 . 

4 . 5 7631 r l +78 

3 . 4 n 98nr-ni 

40 

"Ts . 3 6 7 l: + 7 3 

* 6 ", 67 73 8F-0 6 

’* 4 ’. 5 7 6^7 ?r- : + ? j 

3.500506-01 

41 

b • 

0 . - 

1 . 570 3/7F+78 

3,501716-01 

4? 

3 . 78 51+ 23 

2 . 7 7 (J 0 ME - 0 6 

^ . 57P39 OF +78 

3 ' , 9 0 3 c ’ 1 F - 0 3 

43 

n. 

(r. 

4 . 5 7 6 3 9 0 F + ? 8 

3 .» 5 0 76 7 6-01 

44 

5 . 60 7F + V 7 

969 7 IF -07 

4 , 5 7 r 3 q F F + ? r 

3. 5 n 3 3 ? F - f’ 1 

45 

(1 , 

*0 . 

4 . 5 7 6 3.9 6 F + 78 _ 

3^504030- m 

46 

" T.rriV + 72' ’ 

7 •0 6 6 L 7 F * 0 7 

h . 571 3°7F+?T 

3*50.4 74 F - ri ] 

47 

i) . 

6 , 

4 . 5 7 6 ? 9 7 F + 9 J: 

3 . 5054 4 F - 0 1 

4 8 

4 .6576+23 

s'. 787001 1-08 

4 . 5 7 6 3 9 8 F + ? 8 

3 . 5061 FF-01 

4q 

( '» . 

0. 

ii . 57 63986+78 

3 . 506 prF-m 

50 

1 . 7 311+2.1 

1.531 01F - 0 8 

4. 576398F+78 

3.5075rr-oi 


f 
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TABUS El.- (Cont’d) 


J 

Relative 
cross section 
AT - +2 

Normalized 
cross section 

Running sum of 
normalized 
cross section 

Mu) 


0 . 

~fl. 

4. 576398F+2R 

?f. 50877001 

57 

3 . 076H+20 

3 . 82690F-09 

4.576398F+2R 

3.508986-01 

5? 

0. _ 

d. 

4.57F398F+28 

3.509696-01 

54 

7.2B5E+19 

9. 03877010 

4. 5763986 + 28 

3.51040E-01 

55 

0 . 

“0. 

4.576398F+28 

3.51111001 

56 

J .6726+19 

2.01747F-10 

4 • 576398F+28 

3.51181 F-01 

57 

0 . 

0. 

4, 576398 F +28 

3. 5 125? F- 01 

58 

3 . 421E+18 

4. 2 55 796-11 

4,576398F+?R 

3.51323F-0I 

59 

0. 

0. 

4.576398F+28 

3, 51394 F-01 

6Q 

6.821017 

8.485206-12 

4.57R398F+28 

3.5.1465E-01 

61 

0. 

0 • 

4.57G398E+28 

3.51530001 

62 

1.2S5E+17 

1 • 5991 3F-1 2 

4 • 5 7 6 3 9 8 F + 2 8 

3 . 51 608 F- nl 

ft 

0. 

0 . 

4,5763986+28 

3.51679F-01 

64 

2.290F+16 

2.84890F-13 

4. 5763986+28 

3 , 5 1 75 0 F- 01 

•65 

0. 

0. 

4. 5763986+28 

3. 51821 F-01 

66 

3 . 857E+15 

4.79805014 

4.57C/398E + 28 

3.518926-01 

67 

0, _ 

li. 

4.5763986+28 

3,519636-01 

68 

6.141T+14 

7.G39PPF-15 

4,570398^+28 

. 3.52035001 

&} 

0. 

0. 

4 . 5 7 0 3 9 8 6 + 2 £ 

3.52? Or.F-01 

.70 

_9».244 (+13. _ 

1. 150050.15 

. 4;57r398E+28 . 

3.521 77.001 

7l 

iiL- 

0. 

e 57r.39£F+_28 

3i.52?4?F-01 

“72 

1.31FF+13 

i. 63 09 IF -16 

4j.57 ojotF. + 2ii 

5.23.20 0.0.1. 


_Q ...... 

.. 0 . 

.4.57R398E + 2.6 

3. 5 23 91 F- 0.1 

74 

1 , 771 F+l 7 

2.2029$F-17 

!!,57P3P8F + 7« 

3 .52463F-01 

75 

0. 

0 . 

4,5763986+28 

3.52534F-03 

76 ' 

2 S 3it*ii 

2 . 80345F-18 

4.576398F+28 

3 . 5 ?.C* 0 6 F - 0 J 

77 _ 

0 . 

0. 

4 . 5 763 98 F +28 

3.52677F-0] 

76 

2.717010 

3 . 373546-19 

4.57639HF+26 

3.527U9F-01 

79 

0 . 

u . 

‘ «V5 7P39KF + ?fi 

3. 52820 F-01 

'8b 

3 . 08 r-E+i.Q 

3.83E88E-2G 

4. 5 7 6398 F+ 28 

3.52892F-01 

61 

..... 

0 ; 

4 , 5 7 6 3 9 8 F + 28 

3,629646-01 

62 

3.3 211+1)8 

4.13 10 6 6 - 2 1 

4.5763986+28 

3 . 5 3 0 3 5 F - 0 7 

83 

b. 

6. 

4.576398F+28 

3 . 53107F-01 

84 

3 . 3 7 9 E + u 7 

4. 20 40 7 F -22 

4.576393E+2K 

3,531796-07 

65 

0. 

0 . 

" 4 .5 763986+28 

3. 53 2 50 E -07 

86 

5 . 2 5 2 L + U 6 

4.04rj.4r-23 

4.57639 8 E + 2 8 

3 , 5 3 3 2 2 F - 0 3 

w: 

. 0.1 

U. 

4 , 5 7 6 3 9 8 K + 2 £ 

3, 533 9 4 F-03 

88 

2 . 960I-. + U5 

3,682876-24 

4 . 576398F + 28 

3 . 5 3 4 F« 6 F - 0 1 

HT " 

u. 

U. 

4.5703986+78 

3 . 5 3 5 3 8 r- - 0 7 

W “ 

2.5481+04 

3.170406-25 

4 , 5 7 6 3 9 8 F + 2 i. 

3 . 5 3 6 1 0 F - 0 7 

91 

0. 

0. 

1 .5763986+28 

3 . 5 3 6 8 2 F - 0 1 

•92 

2.075L+U3 

2.5K728E-26 

‘4 . 5 7 6 3 9 8 T + 2 1» 

3. 53754F-01 

93 

0. 

0. 

4 , 3 76398 E + 78 

5,5382 f.E-01 

94 

1 . 598K+0? 

3 .987741 -27 

4.576398F +28 

3.5389SF-01 

95 

0. 

0. ~ 

4 . 5 76398E + 2C 

3 . 5 3 9 7 0 E - 0 7 

9 6 

1 J.OJlE+OJL 

X. 4 4.7 7 4 6- ZSL. 

4, 576598 F +2 8 

3 . 5 4 6 4 ? t> C 1 

97 

d. 

0 . . . 

4 , 5 7 6 3 9 8 E + 2 8 

5 • 541 ] 4F-03 

98. 

8.017001 

9.973UE-30 

4.5763986+28 

3.54] Ef. F-01 

S9 

0 . . 

0 . 

4 . 5 7 6 3 9 8 F + 2 6 

3 .5 4?58 F-01 

00 .. 

.5, 22*0 02. 

.ft, 4 9.0 5 7r -31 

4 . 5 7 6 3 9 S F + 2 £ 

3.54330r-01 



TABLE E2.- NORMALIZED BACKSCATTER CROSS SECTIONS FOR PORE ROTATIONAL RAMAN 

PINE STRUCTURE OP Og. AT = -2. 



Relative 


Running sum of 


J 

cross section Normalized 

normalized 



AJ - -2 

cross section 

cross section 

A, (n) 

? 

1 . h?liE + 77 ' 

1. 771616-02 

1.4 2 4 0 4 6 E + 2 7 ~ 

‘7 3.4704GE-01 

3 

n. 

n. " ‘ 

1. 42 4 C 467+27" 

3745'9 7Tr-TH 

l • 

3 • 33 OF + 2 7 * 

' 4.1¥22tE-fi7 

: 577S3G54E + 27' 

3 . 4FS08E-01 - 

5 

0. 

(i. 

4 .7 53 F>54E + 27 


F 

Ii. 55KF + 27 

5 . f> C f) i) 3 K - 1; 7 

3. 3112282 + 27 

3. 4670.3312 

7 

0. 

0. 

'6 . ; J J 2 2 ii h + 2 7 

3 . 467oui>iii 

S 

5.079E+77 

0 . 3 1 8 3 Ij I- - U 2 

1 . 4 3 Jj u 4 6 ri + 2 i* 

3 . 4G65 J 

W 

6. 

0. 

1 . 4 3 '-) 0 4 fc E + 2 o 

3. 405G2t-ul 

.1 n 

4.9C5E+27 

fi . 1. 7 (i J ■? H - "0 2 

I.933304L+28 

3 . 4 6 4 b 3 £ ** 0 i. 

n 

0. 

0. 

1.9*55081+28 

3 . 4042 ft t** 01 

17 

It . <85£+27 

5.45lj87J : -n? 

2.373<-)7fi.-: + 7>; 

3 . 463S5t-01 

13 

0. 

G . 

2.373978E + 20 

5 74628F/i£-0i 

111 

3. 557F+27 

4 . 4 1 2 li 1: - 0 2 

2 . 7 2 U .1. 8 9 E + 2 Ji 

3.4G217t-Gl 

13 

...L. 

0. 

2.729199 2 + 2 8 

3 . 4G1 4 ii i£ — 0 X 


2, f f 3£+?7 

.3 . 

. 2.9 u 5 47.9 E. + 24 

. 3.4C079E-02- 

_L7 

- 0-. . . 

L . 

2 . 9 ’J 5 4 7 8 E ♦ 2 0 

3 . 4 C 01 Uii-OJ 

_.i£ 

... 1.852»27„ 

. 2^31 ft3 9l>0 2.. _ 

- 3., 13119.21 + 28 

5.Jj5m41iL-.01. 

. ia._ 

. -CV ... . ... 


. 3,.,l«n92E + 2fi 

3.454 7iiVrC/l 

.? r 

j.?0me+?7 

.. J..,.5 0 4.7lin-02._ 

3,3923 42Z+28 

.3.45d04E-uX 

_ 21 ... 

.. 

_L. * 

_ 3.3071 42i ; + 28 

3 . 43738 £r oi 

__?2 

.7.. 5. 7 5.6 + 2/ . 

_..9.aJ74;*5E-0 3 

3 . 3 7 S J 2 r. + 2 r. 

3.i|5r,f,r.i>01 

<r 5 

n. 

0. 

3.575802E+20 

3 . 455 JSE-01 

_?r 

ft , P£ 9 r 

T 

3.41 '■ o 7 4 + ?5’ 

3 . 4 55 2^6-1/1 

7 3 

». 

II. 

3 . 4 1 <; »i 7 4 r + 7 p 

3 , 4T>4f fiE-01 

?r 

?. 7 F F F* + 7 f 

2 . 81 9S1 r - - ( 1 3 

3 . 44n737r + ?;, 

3 . 4 3 3“ 7 • ; -f’ l 

7 7 

6. 

ri , 

3 . 4 4 f; 7 j. 7 : + ? p 

3 . 4 F s 7 3 F - (> 1 

"9K - 

? . 1 4 6 F + ? r. 

"■ r;f7"4 3^F-( 3 

3'. 4F?1 J-:rF + V,i 

S . 


7 

n ". 

3 . 4 s 7 1 r. r F + ?r * 

‘5 . 4si*<rr-r.l 

Tfi 

“5 Tw]>25 

~ TV. 774876-64 

3TFC7 n'Tr.TT’TTT"^ 

'"3T4TTT7I ^TT ~ 

31 

t' r . 

" 

'■'T;ii^7r34r + 9v l - 

3 . 4 5 r» 4 'i F — f# 1 

3 7 

7 . 4 3 Qi- + 7 5~ 

' '3 . '13 47 ut-nir- ' 

” 374T0TT73I +7r ” 

v. 4Mf-r.i%.ra 

‘33 “ 

0. 

■ -yj-. 

' T:4r„T073'-+^;-r- 

‘ V. 4 - 4^3 7F.->;n 

34 

■' f. 0 3 OF + 7 5" 

iT7Trro7-:-~4 

” 374 6 ;i“TTr3 i; + /T", 

-37 *4 4 8 4 47^01 

3 3 

7T' 

0 . 

" TV 4T>H (TTF+ 7 4 " 

”T . 4“47 7SE-01 

36 

4 . n dinr- +jh 


3 • 4 o si 4- y r, 

~T7innTrrrz-0T-- 

3 7 

’“n". “ 

ii. 

~~i. 4R1 50F + 7S - 

' 3~. 174 63 9E-GT 

' 3 8 

? . 53 9E + 

1 .91417P-0S 

3 . 4 F i. r.!V/f +7rt 

5 . 4 4 5 7 0 K - f) 

30 

n. 

0 . 

"5. "401 r,r.7. +7f: 

, 4 45n?r'-0j 


5.450E+7V 

6.78077^-06 

" 3 . UK172i.‘ + 28 

3 . 4 4 43 4 1 : - 0 i 

41 

n. 

0. ■ 

3 . 4R17?l’r + 7h 

3 74 436 6 r-GT 

47 

1 .877^ + 23 

7 . 2PP78l->0f; 

3.461 730 J- + 2 r; 

3. 4429 7F -01 

43 

0. 

0. 

3. 461 73Q'r+2« 

3 , 44 ?? 9E-01 

44 

. L_7.il E + ’_2 

7 ll 34716-07 

3 . 4R1.7 4.Sf +?8 ‘ 

3 . 4 4 1 6 i F ^ 0 i 

A5_ 

— (L 

_JL_ 

3,801 JU5K+9S 

3^440^38.-03 

_kf 

1 . 71 ;<F + ?2 

7.13 2 0 4 F - 01 

_ 3,li 01 7 470 + 28 

3.44 0 2 Sl -7^01 

47 

_JL. 

n. 

3 . 4 P 1 7 1 7 F + ? R 

3*43 9 57 F**01 

. Jl8 

4.«73F+71 

._G^0Hn5J\£-M 

3. 801 71>71>?8 

3.4388 9i-lll 

_k3 


n. 

3 , ll Fi17 u 7 r + 7 R 

3 43871 F -01 

_5JL- 


l^sqpifiixts 

_ 3. 4 P.1. 7 4 Fi +2Ji 

.. J • ? l ‘r . v A- 

.3.viiil5.3.E-01 

51._. 

. (L. 

0. 

3 , 4R17U8F + 28 

3 . 1)3P85F>01 

SJU 

3^7706+70 

it.nnpiiF-po 

3 JtpT7 4£F + 2R" _ 

_3,A3A1 7E-01. 


jV tij ;/ ^ s ' 


/ S 
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TABLE E2.- (Cont'd) 


Relative 
cro» Section 
AJ - -2 


Normalised 
cross section 


Running sum of 
normalized 
cross section 


Mu) 


5 ? 

: 0 . 

c._, _ 

3 . 4 R 1 748 F +28 

5 . 43 fi ’4 9 E-oT 

54 

7 ,fi 4 JF+J 9 

9 . 505627-10 

3 * 4 6 1 7 4 £ F + 2 ft 

3 • 4 3 4 8 3 H - 0 1 

55 

0 . 

0 . 

3 . lF. 17 hf.k + 9 r. 

3 . 4343 3 K -01 

fir 

1 . 713 F +19 

7 . 131736-10 

3. 461 7 U 8 F + 78 

3 . 43 3 46 E-U 1 

57 

0 . 

0 . 

3 . 461748 F + 28 

3 . 43 V 78 F -01 

5 * 

" 3 .r. 3 'ne+t?r 

4 ,TT. !T 67 K-n" 

:'T.L 017 4 SF + 2 F 

3 . 43 21 0 l- 0 ] 

5 * 

r. . 

0 . 

'3 '.'4 017 47 . 1 '- + 2 r, 

"57 4 il' 42 F-fil 

f n 

7 , 2686+1 7 

9 . 04229 I-.- 1 ? 

3 • 4 0 1 7 4 0 F + 2 ; . 

3 • 4 3 iJ 7 5 1 - - ul 

n 

0 . 

0 . 

3 . 6 fil. 74 fir + 2 o 

3 . 430071-01 

62 

ie 3766+17 

i. 7 ii 39 t-rr 

3 • 461 748 L + 2 8 

' 3 . 42 sT 39 t -01 

63 

0 . 

0 . 

3 s 4 6 I 7 48 E + 2 ft 

3 ;TZZT2T=m 

04 

2 . 4636+16 

' 3 T 70 ' 6 lf.fiE'=T 3 _ 

3 T 46 l 74 EF+^i 

" " 37428044-01 

65 

0 . 

0 . 

3 . 4617441- +28 

3 . 4 2 7 3 6 k - 0 1 

6 6 

4 . 162 E+J 5 

5 . 1 7 7 7 4 E - 1 4 

3 . 4 G 1 7 4 8 i: + 2 £ 

3 . 426 C 9 t-ui 

G 7 

0 . 

0 , 

3. 4 617481 .' + 24 

3 . 42 601 L - 01 

GS 

G . G 54 E +1 4 

8 . 27782 E -15 

3 . 4 G 174 CL +28 

3 . 425 3 4 E -01 

. 69 

.. 0 ,. 

0 • . 

3 t i'fii 74 Cfe + 2 « 

3 . 4 2 4 C 6 E - 01 

__zo_ 

1 . 00 RE +14 La 7 . 51 . 15 F r 2 . 5 .. . 

3 .^AL- 174 i:i -+20 

3. 4 . 21997-01 

— 71 . 

_ Q_a 



3 * 4.01 7 4 SE +28 

... 3 . 4233 . 27.-01 

7 - 2 _ 

1—43 7 L +_13 

- 1 ^ 7217 -SLliL? 2 C — 

X.. 4 617 4 fix +2 8 

.. __ 3 ^ 422 .C. 4 E-U 1 

Z 3 ._ 

a.. 



7 _ 4_8 F + 7_8 

3 .- 4.213 7 c- 6.1 

Us_ 

1 . 942 Etl? 

2 . 415 R 9 F-i 7 

3 *. 4017487 + 28 

3 . 421 30 F -01 

- 25 - 

n. 

0 . 

la 4 C 174 GF. + 28 

3 . 1 l 20 £ZE -01 

7 r 

2-.4 8 LF + 1 J 

3 . 08 G 1 UF -18 

4 6 J. Z 4 JLF + 28 

3 . 41995 E-Q 1 

17 . 

th 

JL 

.. 3 t 4 : 6174 iLlL +?8 

.. 3 . 41928 E -01 

—ZJ?_ 

i 

d 

H 

i 

3 . 7 2 8 P 9 F- 1 9 

3 x 4 6 1 7 4 8 F. + 

3 . 41860 H-G 1 

7 9 

0 . 

0 . 

* 3 * 1 4 63 748 E + 28 

. 3 . 41793 E -01 

£0 

3 . 473 E +09 

4 . 258 G 1 R -20 

3 , 4 61 7 4 8 F + 2 8 

3 . 417261-01 

81 

0 . 

n 

- • 

3 . 401 7484+28 

3 . 41 C 59 E -01 

82 

3 .f 98 E +08 

4 .honuir -73 

5 .it(..i 746 E + 28 

" 3 . 41592 E- 0 i 

83 

0 . 

o . 

3 716 17481+ 2 8 

3 . 4155 TF -01 

fil» ~ 

3 . 777 E +07 

4 . 6991 6 F - 7 7 

3 . 4 R 1748 E +28 

3 . 41 458 E- 1)1 

85 

0 . 

0 . 

. 3 . 4617 48 E + 7 8 

" 3 ". 41^91 E -01 

86 

3 . 649 E +06 

4 . 53960 F -23 

3 . 461 748 F+ 2 8 

3 . 41321 * 4-01 

' 87 

0 . 

0 . 

3 . 4 t> 1748 L+' 27 r 

— r. 4 T 257 E -01 

88 

3 . 334 E +05 

4 . 14741 E -24 

3.4617 48 E +28 

' 3 . 41 1 9 0 E--D 1 

89 

0 . 

0 . 

' 3 . 4 R 1748 E +26 

3 . 411 23 t - 01 

9 ir 

2 . 880 E +04 

3 T 5 T 352 F -25 

3 . 4017484+28 

3 . 4 l Ofi 6 E-G 1 

ai“* 

0 . 

rr. 

374617 48 E + 2 ?> 

‘ ‘37 40 9 SITE -01 

* 97 ‘ 

. 2. 35 4 F. + 03 

2 . 92838 E -26 

3 . 41)17 48 1 + 28 ‘ 

3 . 4 u 922 t -01 

93 

0 . 

0 . 

3 . 46 l 74 lt +28 

3 .Tu 8 'B?rHj T~ 

94 " 

1 , 8 191 ; + 02 ” 

• 2 . 263 27 E- 27 ~ ~ 

3 . 461 748 E + 2 8 

3 . 4 0 7 6 8 E 0 1 

95 

0 . 

0 . ‘ 

3 . 4617484+28 

3 . 40 72 2 E -01 

-91- 

1 . 330 E + 01 

1 . 65443 E -28 

' 3 *. 461748 E + 28 

3 . 40 6 55 E- 01 * 

-JJ... 

...C ...... ... 

JL Mr 

3 . 461 748 E + 2 8 

* 3 • 40588 E - 01 ~ 

— 2 JL_ 

~SL.me-ni 

3 . 14385 F -29 

3 • 4 (> 1 7 4 8 1 + 2 8 

3 . 40522 E -01 


_9a„ 

jlxlq... 

JLQJL- 

- 102 - 


... 0 ,.. 

._6*.0HE”CL2- 

£L 

-Ulfl&sJUL. 


JL 

,.JLJt£.01.4£.-3J 


-la kQjLlkS.Ht.Z8. 
3-*. kG 17-4 8 E.+ 2 S. 
-3 J _4-f.lZ4>3£i2a , 
-3,A012Ji.aJti2S.. 


3.. 4.0 45.5JL-fll 
..la 4.U.3G-8 E.r.01 
..3,_4.Q3?2E-0i_ 
-3-aJi.025ik-.Ql- 
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TABLE E3-- NORMALIZED BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 

FINE STRUCTURE OF N 2 . AJ = +2 


Relative 

cross section Nonoalized 
J AJ - +2 cross section 


Running sum of 
normalized 
cross section 


Mu) 


1 . 373E+27 


3 

2 . 032E*27 

4 

4.614E+27 

5 

7.8806+77 

e 

5.1018+77 

7 

2.5208+27 

* 

4 . R 40 [->27 


> . ?iiKP + ^7 

in 

4.003 8 + 2 7 

77 

1 . 7*56 + 27 ‘ 

~T7 

5.05»:F + ?7 

~T3 

1 . ?7Pt-:+^7 

14' 

2 . 6 Si. i' + 2 7 

15 

« . 3 i ? r + v r. 

7 0 

3 . 7958+27 

17 

It. 931C + 7F- 

"Ik 

7 . 3 1» 7 r + ? | \ 


1 . 71 618E* 
JLSIJWF- 
JulSJSAlE: 

5 . 7671 7 E* 


_3,09944E 

P.57570E 


‘0? 

■0.2... 

•J)2_ 
•0 2_ 
'02 


-la. 
20 
?1 

23 

TT 


3 * B 2 0E + 2 n 
j..33JF+2 r : 
l /K23F+?r 
o . 1 nor + 75 
7 . c ^jr; l + -;s 

5078 + ?5~~ 


3.J5787E- 
8^ (i 4953 8 « 
2.«In3jf- : - 
5.07558 K' 
2. 7 3 0*7 F ■ 
3_.*87 25 QF • 
1.597/t 48- 
7_ f 608.840- 
3 . n 38 5)1)8- 
3 , 63*008- 
r.jnitijPK- 
9.3 8 39 4 F_r 
. 3.5-kWL lE- 
_. ^ 7 7.411) F- 
_ 1* .666638- 
. 7...2Z83 7H- 
. 7.G2&1KK- 
9,99 43.68 - 
'** 3 . 708038- 


0? 

<J? 

0? 

O? 

0 7 
07 
n~?~ 
02 
0 7 
07 

03 

03 

03 

113.. 

03._ 

03 

(-4 

nu 

oi“ 


1. 373002 E+ 27 ■ 
.2*.583£?£E + 27.* 
5,.3J391.4.9.E+27_. 
:7^.414 0i.E + 27.. 
1^2 5 5J5 3 4E + 2 8_ 
i .5"fi350PE + 2fl 
2 . 0 1 3 5 7 8 f : -f 7 P 
2. ?fir.l98F + 7fi- 
7 5018?!' + 7 0 
9 7 5 0 1 0 F + 7 o 
3 *108 08.+ 7 8 
5 5 i] .557* +28 
8855776+78 
9 0 3 1 7 s r + 2 fi 
7oi 7346+28 
2*4*508+78 
Ui 43448+78 
4038580+28 
.4^53.7133.8 + ^. 

. /- ..5639f ,H 8 + ?8. 

J« . 0071 ()*3l : + ?r, 

.4 . 8J 5439I-1+78.. 
4. D33CFFH+28 
4 . f. 3 0 7IUF + ? 8 
ji . n ,r7 ’/ni f+7 8 
4 . 0503288+78 


3. 47295F-01 

.3.47391^-01 

.... 3,_474£SE-fil_ 

. 3.475S5E-Q1 
_ 3 .4768.1 E-_C1 
3 . 4 7 7 7 8 F - 01 , 
3 . 47875F-01 

3.4 797 7F-01 
3 . fifth nqr-n'l 
3 . 481 rrp-hi 
3 . 4 R7fi3F-01 
3 . 4 ft 3 H- 8 -01 
3, 4*4578-03 

ii R 5 F *1 K~nT 
3 , 4RK51F-IIJ 
3, 487498-0] 

3 . 48848 F-n.l 
.3. 4 8943001 
.3 . iiOOi) 1_F_- ELI 
3 . 4913*001 
3. 49.23 PE-01. 

5 . 4 9. 3 3 4 F - ( 1 1 
3. 4 9 43 IF -01 
.3 . 49 5 7°F-n] 
3. 4qr?_7F-m 
3 . 497 751 - ()1 


?(- 

3. 77*8+70 

4.034778-04 

27 

^.9U3F+?U 

1 . F-(Ui 

78 

1 . ?nm + 25 

1.50027F-04 

29 

3 . 5 4 ‘ i 1 ' + V t 

4. 4 3( 358-05 

5n 

u.liut+yti 

5 . 1.1(1 t)7t -05 

33 

1 .1008+74 

3 . 400081-05 

32 

3 .3S0f + ?li 

1 , 0?5?*6~05 

35 

3 .51* M +73 

U. 43?fiGI'-0n 

3 4 

3.7920 + 23. 

14 . 7 Ui:m i -i » g 

35 

9.9**>/i +/ y 

3 . 7421.38-1.0 

3o 

1.0218+23 

1 . 2 7 003 8 - 0 8 

37 

2 . 5 7 i > l + 2 2 

3.237748-07 

3«. 

... 2.53JF + 2 2 

3 . 1 71 0 0 F -1< 7 

39 

fi. 1401+7 1 

7 . r.7t4SF-i>8 

40 

5 .£2C£ + 2.I 

7. 2i 179F-0S 

41 

1 . 3551. + 21 

l.'Gt)543t-0S 

42 

I.23t.i: + 21 


43 

2.7t2i! + 2i' 

3 , £ 5 2 1; 3 i-l)9 

44 

2 , lj 2 ? £ + 2 1 ■ . 

3 . r< 2 r ■ 7 5 K — l? 

4b 

3. 2 01,1 +l‘i 

t'_. 3 0 ’> G? F - 1 n 

4 8 

£,3Sf L+3 i 

.5 . JfC?lFF-J.n 

47 

fi.br.2f + 1 :: 

) .)3?r.tih-in 

40 

7 .3.4 3 1 ; +. 1 ;; 

?M7k.?ff:-u 

~4b 

1 . ii5tir+ii. 

3 . 82323K-11 

*50 

1 .X37l+] }: 

1 ,i(2057K-ll 


h .8535588 + ? >\ 3 . 4 9 ft 2 3 8 - !1 1 

4 . 85 4 5 5 0 8+78 3.499718-07 

4 . 855758) + 78 3 . ^00] 9F-0] 

4 . 8 581 0 5 8 + 78* 3.^01.171-01 

4 . 8 51 53.78 + 28 3 . 5071 5F -01 

h . 8 5 8 834 8+?8 3 . '5 0*3 J 3 8-ui 

4. 8 5 8 784 F + 7 * 3. SOI- 11 8-ni 

4 . 8507098+?* 3 . 5U50«F-(J7 

4 . 8 50 4 371 +28 3 . 60l,uM'-03 

’ 4 . f bOr 4 7 k +?< r 3 . 507of f -01 

4 . r 5 ( j;57i'+ 3 , v)*. 1 , 58-1 n 

4 . G 5 0 4 0 ( i K + 7 o " 3 . 50903001' 
4. osrsr y\ +?* 3 . 5ion'?oi>3 

4.6bOb8'i8+2 }■ 3 . 511 on:* - 0 1 

4 • C5 (i5 03!' + 28 3. 513 99,1-01 

4.850*848+20 3.512988-03 

4 050* 848 + 28 ?, 5 ] 397r-ri 

h . 0581 C4t>?F . 3..51A95O01 
00008 + ?/? 3. 513940*1 

4 . 050: 848+20 3 . 510938-01 

4 .8588 848 + 7?* 3 , 53 792001 

4. f 58: 84 r +7 4 3. 51*91 OOl 

4.85008 4 8+?* 3 . 5 3 .9 M F r 0 1 

4 . G 5 8 fj f 4 F + 2 f, 3 . 52090F-0! 

4,850*648 + 78; 3.577892-01 



TABLE B3.- (Cont’d) 


J 

Relative 

cross station HozmsliMd 
Aj • +2 aross section 

Running sum of 
normalised 
cross section 

Mu) 

51 

2.171E+17 

2.71;3;39E-12 

4.^568646 + 28 ' 

'3 /5?2fc8E-M 

52 

1.626E+17 

2.03289F-12 

4 . 6568 64F + 28 

Jl. 12.38 ZE-ni 

5? 

>2*. 987E+16 

3 . 73385F-13 

4, 656864E+28 

3,524*876-03 

54 

2.152E+16 

•2^69007E-1J. 

4, 656864F+28 

3^525866-03 

55 

3.8G1E+15 

4. 75139 E- 14 

4,6568646+28 

3jl.52BBBF — 07 

56 

2.634E+15 

3. 29195E-14 

4 . 65 6864 E + 28 

3. 527R5E-01 

57 

4.474E+14 

5. 5917 OK -15 

4.656864F+28 

3.52885F-01 

58 

2.981E+14 

3.72580E-15 

4. 656864E+28 

3. 52985 E- 01 

59 

4. 869E+13 

6. 08645 K -16 

4. 656864E+28 

3. 53084F-01 

60 

3 . 120E+13 

3 • 90032E-1 6 

4. 65r>8H4E + 28 

3.53184E-01 

61 

4. 903E+12 

6. 12793 E -17 

4. 656864F+28 

3. 5 3284 F. - 01 

62 

3 . 022E+1 2 

3 . 7768 2E-17 

4.656864F+28 

3.533R4E-D] 

63 

4.566E+11 

5 , 707196-18 . 

4. B5F.864F + 28 

3. 534846-0] 

64 

2.7076 + 3.1 

3.38318E-18 

4,6568646+28 

3. 53584F-01 

65 

3 . 934E+10 

4.91 770E-19 

4,6568646+28 

3. 5 3 6 £ 0 E - f) 7. 

66 

2.243E+10 

2.803656*19 

4. G56864E+28 

3. 53784E-0J 

67 

3 . 136E+09 

3 . 91945E-20 

4.G56864E+28 

3 . 53 884F-01 

68 

1.72GE+U9 

2.14954E-20 

4. G568G4E+28 

3 . 539856-01 

69 

2.512E+U8 

2 . 890456.-21 

4.6568G4E+28 

3. 54 0 85 F. - 01 

70 

1.220E+08 

1.52479E-21 

4 . G 5 6 8 6 4 6. + 2 8 

3 ,.5.418.5 E- 01 

71 

1 . 578E+G7 

1.97225E-22 

4,6568646+28 

. 3 . 5428 f E.-.01 , 

1 2 

8.007 E + 0*L 

1/Q0Q79F-22 

.. 4 , C568.04 (->28 .. 

3. 5 A3 POE.? 01 

73 

9 . 9C2E+U5 

1 . 24518E-23 

4.65C864E+28 

3 . 5.448 7EtO 3 

74 

4.8 6 3 E + 05 

6 . C 7 7 9 2 F- 2 4 

4.. 05 68 6 46 + 28 _ 

3.545.8 7Er 01 

75 

5.82GE+04 

.. 7 ..27 435E^25 ... 

_ . _ R G_!i £ + 2_£ 

„3.^5_4EJBSf-0„l. 

.. 

2 «_73\r tft.4 

...3.J.4 1.5f 1 Ft?5 

4 .656864 r + 2 8 

3 . 5 47 8 9E- n l 

77 

3.1 406+03 

3.932436-26 

4 . 6 5 6 P 6 4 F + 2 8 

3,54R8°F-0] 

~TK~ 

1 .1*2.16 + 03 

1.776226-26 

4. f 5Ff:046 + 7R 

3 , 54090F-02 

7 < T” 

1 , 5 7 4i +0 7 

1 . 9 C 7 2 2 F - 7 7 

4, 6561 646+28 

3 n 5509 IF- 01 

80 

96+0] 

8.547786-28 

4 . f 5 r. £ r, 4 F + 7 8 

3 . 551926-03 

81 

7.28 66 + 00 

9,3 073 06-2 9 

4 . rsr.jif lo-' + pfi 

3_, 557036-01 

82 

3 . fiurF. + OO*^" 

3.806756-29 

" 4 ,6 5 6 8 o 4 F + 28 * 

3 , 6 5 3 0 46*- 01 

83 

3.122 (■ - 01 “ 

3.901736-30 

4 . 6 5 6 8 6 4 f +78 

3,554956-01 

8 4 

* 1.2556-03 

1.56 0 956-30 

4 .'65 68 6I.F + 28 

3. 556of.F.o] 

85 

1. ?37;6-( 2 

1.54703 1-33. 

4 . 6568041+28 

3. 55 6 91: F -OJ 

86 

li ,78 86- 1)3 

" '5. 98 4566-3? 

4. 6568646+28 

3 . 5 5 79 O F -Ml 

87 

" 4. '5 426-0 4 

5.67681 6-33 

ii“. 6 5 6 8 6i 4 T + 28 

3 . 559()0r-01 

88 

3 ,6 f )0K-O4 

2. 1 12676-33 

4 6 '56801,6 + 78 '" 

'"3," 5600 7F -in 

89 

1.542F-U5 

1.927 9 66-34 

' 4 . 6 5 6 8 6 4 F + 2 8 

3. 56l03F-m 

90 

5.52?E-(ifi 

6.902721-35 

4 . 65686146 + 28 

3. 56?n5r-ni 

91 

"li . P 4 8 E - 0 7 

'6,(1603.46-36 

4.6568646+28 

3 . 5P30r,c-03. 

92 

i.r.70t-07 

2.087406-36 

4 . 6568646+28 

3 . 5P408F-03 

93 

i.4nF-08 

1.763076-37 

4. 6568646+78 

3. 56 5 0 9 K - i, 1 

94 ~ 

4.67 46.-09 

5. Mi ? 4 fijf- 3 8 

' 4 . 6568646 + 28 

3 ”5661 16-01 

95 

3.79SF-3 U 

' 4 , 7 4 7 5 3 F - 3 9 

4. 6 5 6 y. 6 4 F + 7 f! 

3 , 5671 3 F - 1)1 

96 

3 .2136-10 

3 . 5 1 3 5 6 F - 3 9 

4 . 6 5 68 64 6 + 2 8 

3 , 5681 .56-01 

97 

9,4666-1 7 

3 .183266-40 

4. 6568646+78 

3, 56917F-01 

98 

2.9046-1? 

3. 6 29531’ - 41 

4 . 6 5 6 8 6 4 F + 2 8 

3. 5701 9 F- 01 

'99 

2.1846-13 

2 f 7 2 9 7 3 E - 4 2 

4 , 6568646+28 

3j.5 7121 F-01 

W 

6.445E-14 

It. 055306-43 

4. 656864F+28 

3. 57773E-01 
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TABLE E4.- NORMALIZED BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 

FIRE STRUCTURE OF N 2 - AJ = -2 


i J 

Relative 
cross section 

Normalized 

Running sum. of 
normalized 



AJ - -2 

cross . section 

cross section 


r. 

/ 

5 

...4 
5 . 

\ 

7 

? 

1 .300077 • 

1 , 1 0 f: P + 7 7 . 
. 2, 9 7.9 Ft 77 . _ 

1.72 7 . 1 : + 27 
5 . 780 F +27 
1 . 959 F + 27 
+27 

1 .>. 254 - 14 - 0 ? 
1 . 3024 3 E-;;? • 
3 . EC 152 E- 0 ? 
2.1581 2 F.-G 2 
4 . 72537 E -02 
2 . 4 » ; q?riE-ii? 

/•>; 5 iJ 8 :iF-d? 

1. 3 003874 + 27 , 
2 . 4003704 + 27 - 
5.3357 7 4 F. + 2 7 
7 .. >'22014 + 27 
1 . 084 2754 + 27 ~ 

’ 1 . V 8 /> 2 iF |-+7 8 ‘ 
1 . *3 (i !i f! 4 + ?8 

3 '. U 7 O 0 >>£7 Oilr 

■ 3 . ij r 9 c vrt* 64 a 

3 . 4 D 63 3 E -01 
3 . 41717^-01 
3 ; 4 f> ci 20 H-ii:- 
" 3 .' 4 TS'? 4 T:- 0 I’ 
3 . 4 i' li 7 ::F-iil 

“c" 

. .. yy.-.^Tr^-y- — ■ 

9 0 7 4 1 fT— 

' IT;: 

3 . 4'*’33 7 [ -iii 

in 

r ‘ . 4 31 F + 2 7 

4 . ?i>i j. ,r-o? 

? . i w / F. : ;i 

3 '. u n'/ •> i.h - 11 I 

11 

1 . 5 3 7 f •' + 27 

L .9 7 i.T 7 E- 0 ?' ’ 

7 .>51 3 in h‘+ 7 J;" 

S # U , * 1 4 1 j u — U 1 

1 7 

7 . F 7 7 r + V 7 

3 ;" 3 ' 4 .- : . 3 (ii->ir? 

7 .'OI «i i . m n i- + v i; 

3 , ai.oaui-.-ni ‘ 

i? 

Y , 1 3 5 r + 2 7 

i ; civ, 47 i v -n/ 

2 . 73757 ^h- + ?8 

3 , us 94 ‘iF-ul 

3 4 

' 1 . 8 75 K + 7 7 

? i 34 4>8 P-n?" 

7 , ‘17 01 l M-"+ 7 f; 

3,45853 i“ - U l 

1 5 

7,55 RF + 7 a 

?! . U!i 7 7 ; 7 

" ?V 4 , » 5 F Y >F + > 8 ' 

3 , ti 5 7 5 7 »" - \»1 

.'.ie’. 

? t 10 (>F+Z 7 

;i. ,480 8 5 F - n 7 

3 . 11 4 B /’ (■ 5 + 2 i» 

3 . 4 5 B f 2 L - 0 J. 

. 17 

. 4 . 5 7 2 F + 7 _r 

. 1 , 7 _?> 7 OF- n?_J " 

3 , 15 M so ;:■-■ + ? s 

3 , 4550 ( E - 0 1 


j. i> . . 
J 0 

. 2L ... 
2 L... 

25 _ 
?f 


. r^fjznr+^r, 
.2 .5 23 F +2 R... 
__L. iL25£+2. , !i_ 


4 


, 5_8_r r/; f - n?_ 
,.J _33 7 n f: - f' 3 . 
. 531 SQF -iH 


Ii+_Zfi ...... 

5~.-9.02_F +25 

1 .- 78 JLH + 25 , 

2L.3 1 1 F +_25_ 

3 ■ 3 75F+75 


l_._5.32r.filL- 0 3.. 
_2.-19_lL4.F-0 3. ... 
J.32623i:=IIfe... 
o. 79^bOF-r!U 
3.1387?E-hh 
3 . QQ83 IF-nti 


27 4-2.il 1, 

7 8 1 . JQ7F+95 _ 1j 

? 9 " „ 3 V 5 y r + ?a * . 

3 0 _ 4 5', 

vj i . 1 7P f + ?u i , 

‘3? 1.33UF + 2U" 1' 


3 L.. 2 ? Wilful 

. .3.254295E + 2F- 

3 J uZSLU5 4iI!l + 2Ii 

. ._3 * 3 0 3 2 3 1 E + 2 8 
3 ._3 208 21F + ?r . 

3 ^3_2 67.22E + 2 8 „ 
. . .3 ..33 45 0?;- + 2 0 
... 3,3.371)144 + ?;; . 

3 , flnr + ?,, 


3? 

'34 


3. 599r + ?3 
3 VHB 4 F + 2 3 " 


_7 ? 3 <4 r - 1 1 f i 
jiri~qq 7 F_-nij 
u?r? 5F-U P~ 
15 _ 3 1 JL F^O 5 
un9SF.K-u5 
K42TrF-T>5" 

4 9 8 fifl\ - 01P - 

TT2 Yj ul7fT- n T 


3 5 

‘ 3 . ni BF + ? 3 

1 7 77 n 3 5 f. - n r 

3r 

1,048 E + 23 

3 . 3innOF-i> 

57 

2 ; nil ciF + 2 2 ‘ 

3.3105 94-0' 7 

3 8 

2 .0244 + 2 7 

'* ' 5. ?S nm- 07 


39 

40 " 

5T_ 

j|2 

_45L 

J i iu, 


G". 3 72I : + 21 
G»JJ 6 7 F + 2 1 
r^ir>r+'2i 

j.9j)P£+2d 

7.55BF+70 


■ 7 . 0 T ,5 0 c»TjT 

T T 3 'ST 3 TffE-iy v 

I ^T 69 BtTE -_0 8 ' 

3 . o 3 7: Q 2E - jjj_ 
3. 19459E-09 


•. 5 JJE+JLQ. 


t i. 8872 (JE-10 
8 2L2 QE-1Q 



JL*Z 43 Jv+J 7 


2^139}f£-U 


3 . 3 bj ) 7 1 F + ? ;i 
3.34?3fi3F + ?r. 

3 . 3 477.1 T: F + 9 f : 

3V3U3130F + 2« 

3 . 3 43 2U7F + V i. 

"3'/3"4 33 7<M: + 27; 

3.34341 5" F + 2 *\ 

"3 .^4 3 433 P + 7. S 

3. 34.3 4 f>4 \z + ?y. 

3.34347 44 + 24 
3 * 3 4 3 4 7 7 u + / t, 

3.L43479E + ?.. 

'T 737 Tjrnnrr+* 7 T-' 

3.3434014+78 
3 . $ 4 3 4 1 1 E + 2 8 
3.^434014+28 
373.434814 + 28 
3 .343/? :. 1 4 + 28 
_3_.J.4A4.^14 + 2il. 

JL. 3 J* 3 Lk£lE + 2 b. 

.JL^5Ji 141LTJL+2R .. 

— 3 .3.4 3,4 8 1E+2.P ... 

34.5 4 81E + 2 8 3. 42441E-U1 

.343481E + 2.8 , l.,_k 2 3 4_7_E-01 

J^3_43.4ME+.?8 „.U4 2 253E-01. 


3 . 4.5 4 7 0 4 - 0 3. 
3.453754-01 
_JLJj 52 MLEtjUL 
3^4518.4001. 
3 . 4 5. D 8.9 F. - < 1 1 
3 ^l 4994 .E- 01 _ 
. 3.448SBE-01 
. 3... 4 48.Q3 Ft OJ. 
3 _i_4 8 7 P 8 F jlO L 

3 . 4 4 ra ? f- oi 
3 . 4453 81.-01 
' 3 . 4 44 2 3 -01 
3 . 4 Jj 3 2 bF. + 01 
3 . 442334-01 
' 3.441384-01 
"3TIT4T1‘41ir^T)l-' 
" 3 • 43949E-01 
3. 4385 44 -LI 
3 . 4 3 7 G u k - j 1 

3 . 43 HF 5 F-01 
3. 435714-01 

““3T474“7T7T=Ur' 
3. 453 324-01 
3 . 4 3 2 £ 8 1 . -T) 1 
3. 4 5 19 3'E£01_ 
3 . 43 0 99E-_Ul 

5 .43 005 001 

.^4 21U1EM)_1_ 

_Ju 4 2_817£^1_ 

3„ 4.2223.4-01.. 

. 3_i. 4 2_B2_0.£r_0 1_ 





TABLE! E4.- 

(Cont *d) 



Relative 


Running sum of 


J 

cross section Normalized 

nomadized 



AT - -2 

cross section 

cross section 

53 

3 , 7UJ.F+10 

4.051.13 F-J.3 

3. 343 4 81 F. + 28 

3. 42 1 CO F -01 

. .?>. 

7.347F+1 6 

2 . 9 7 71 5 F- 1 3 

3,34 j 3481F + 2h 

3.420--6K-C1 

55 

l» . 3 U8F + 15 

5 - 3 8507F-1 4 

3,343481 E + 28 

3 • 41 D 7 2 E- 01 

56 . 

2.8B7F+15 

3. 60771 F. -14 

3.343481E+28 

3.41879F-01 

57 

4.910F+14 

Gj 13F97E-? 5 

3. 34348 IF + 2 8 

3 . 41785E-01 

6F 

3 . 2816+14 

4.ionr»f,n-i5 

3.3434 81 F + 7 8 

3. 4169 2K -01 

" 59 ' 

5.37i'F + 33 

C • 71 76QE-1 6 

3 . 3 4 3 4 ii 1 F + 2 8 

S.W5BS£-0i 

60 

3.U5UH+13 

4. 3 IF.' CiT - i f." 

3 .3F?4TIEf2Tr' 

T7T*T515‘5F r ni' 

65 

5.441E+12 

6.8U09GE-17 

' 'V. 3 43481?+ '2?i 

3 .’UI412E-01 

62' 

3.363F+12 

4.263156-1? 

3.34H81.E + 2.. 

3.41S18T.-01 

63 

5.095E+11 

f,.36«77E-18 

5 . 3 4 3 4 8 IE + 2 « 

3 . 4l225E-ol 

C4 

3.079F+13 

3 . 7 8 5 6 1 h> 1 8 

‘ '3.343481 E + 2 6 

5.WJ52E-01 

6'5 

4.414E+.10 

5. 5lo9 7E-i!T*' 

'5 . 3 4 3 4 8 1 l + 2 8 ' 

3"^ 5T0i9t-0.i 

66 

2. 523 E +10 

“mT4F7r-T5 

T. "J CT4 1 TE +2 1. 

3 r4u"9~4 c r- u T 

67 

3 . 537F + 09 

4 . 4211 2E-20 

~3. 3 4348 lE + 2<« 

' 3 .4 07.53 E- ul 

68 

1.945K+U9 

2.431I2E-20 

3,343481 h +2 8 

3. 407f,Ut-Ul 

69 

2 # 622E + 08 

3. 2777 5 i; -71 

3 . 3 434 81c + 2 8 

3 . 4 0 6 6 7 E - U 1 

-_7.0.._ 

1 . 387E+OB 

1. 73366F-21 

3 . 3 4 .3 4 8 1 E + 2 8 

5.40574E-U1 

71 

1.799E+07 

7. 24829E-22 

3 • 3 4 3 4 8 1 E + 2 *S 

3 . 40 4 8 IE- 01 

77. .. 

..i^.3 51£ + Qfi. . 

-.1..14JJ54F-22 .... 

. . _.3ji 3 43.4 8 1 E + 2o 

. 3 .a 4 03 4 HE-. 01 

.... 73.. 

.J*1«l2£±QJL 

. la 4.2Gi'7t-?3 . 

. 3 .3434016 + 28 . 

3 . 4 2 f 0 11- 0 1 

... 7_4 .. 

.5^5A7iLt!15_ 

„JLa.St£2$5E-24 

3.J43441U+28 .. 

3 , 4 0.2 C 5E- ul 

.75. _ 

_r^yiC+L) L . 

..?..3.7«9iiK-25.. 

,._3.5434.ilE + 2r. . 

. 3. 4 Oi lit- 01 

.7 £._.. 

_JLJ3FE+»JHl_ 

..5 ..£1.44 1, li->25 

. 3a3..43.4011: + 2o 

3 • 4 001.8 LrOl 

77. 

..3.64 2E + P3 

4.55^0_E“2.r 

3. 3434 f? "+?r 

?a?0 f .7£^-02 

.._7* ... 

„ I .649E+03 

.? .!if'A7?>-'-?.F . 

3, 3 4 3 4 81 F + 2 <! 

3. V}833^-m 

79 

l , R31F+0? 

7 , 7 8 n 7 5 F - 7 7 

3 1 3ti3U:’i. r + yr, 

3 . 3 C| 7tj 1 F-f'l 

r.(i 

. 

- , ’. L -7?37F-7f 

3 ,343 8:;lF + 7f: 

. 7 i . 3 -K40 r -0l 

... iii. . 

r . . 5 7 ’F+nn 

, .1. or, si j:r-?r 

3 j 3 4 3 !» 0 1 » +7 r, 

3 , 3?55nr>ni 


-Aj-5715 + nn 

/jjjtr.j f Sr - 7 n - 

3 , $434 r.l F + ?;t 

3 . 3g/iF 4F-ul 

. 

P. 3 

3 . rpnF-m 

~i . 5 8f*:uF-3’o 

3 .343481 r + v;, 

3 , 3 r * 3 7 7 1 : - 0 i 


i t 47PF-ni 

1 , 8 48 066^,30 

3 , 3 Ji3/i : u + : ;r, 

i , 3 0 7>MTF-nr 

85 


5 .827R7F.-31 

3. 3 4 3 4 J 18+78 

3 . 3 '■ I. f- RE- 01 

, i r 

‘ 5'. F71 F-h3‘ ' 

' 7 . 0 8 7 0 Iii - - 3 ? 

3 . 1 i43 4M r + 7;i 

3 . 3 "Uj f + r» i. — 1 

~ 87 

3.3976-04 

0. 740701- -33 

3 . 5 4348.1K + 7:: 

3 . 3 9 0 0 4 F - {) 1 

F8" 

2 . nl 7 ii-04 

“ '?T5l4r.r‘i!-?3 

■ 3.343481 F + ?fi 

3, 38^1 7 E- 01 

~K'n 

;r;?;4nr-ns 

7. ‘300490-34 ’ 

3. 343481 1-. + 7R 

3.3887 n’r -01 

nn 

r . onor-nr. 

!•-» 2 5T* F - 3 F" 

~ 17T4TWr+?tf~ 

3 . 3^7'7T,F=1TT‘ 

~ar"" 

5.814F-f)T 

7'. ?CR'-)0i:-3P" ' 

3.3434*16+70 

3.386366-03 


~ 7,0 n 7 F - fl 7" 

50<073r-3P' 

3.3434818 + ?;, 

3 . 385 44E-01 

9 3 

"r;700F-08" 

T.l? 157 r- 57 “ 

“““3*. 3 43 48 1 F + 2 8 

3.38453E-01 

'Wu 

“ 5. 0466-09 

7 • X) 5 7 Ofc F-38 

3 . *434*16+24 

3.38 36 1 K - U 1 

95 

4.599F-1 0 

5. 749036-39 

" 3,3 434818+7 8' 

"3, 387.691-01 

96 

1.470H-J0 

j .8 3 73 41: -39 

3 . 3 4 3 4 8 1 F + 7 8 

3 . 383 78K-01 

97 

. 1.-15 2.F.- J.1 . .. 

1 , 43989E-40 

3 , 3434R1 F+7R 

3 . 3 8 0 8 6 F -0 i 

_-.9L8 

7F-1 7 

4 j. 4*$ 7 2 2 E - 4 1 

3,3434811-; + 2 K 

3.370954-01 

99 

7.R70F-13 

3 , 3 3 7 ‘ J 5 F. - 4 2 

3 • 3 4 3 4 8 1 K + 7 8 

3.37904E-01 

100 

7,9006-14 

9 f 87402E-S3 

... 3. a 343 4 8.1 K + 2.8 

5.378126-61 

ini 

5.730F-15. 

7 ^1623 f F - 4 4 

I 3^3454 411: + 28 


3 07 


2. 0383 9 F. - 44 

3^3434818+28 

3 , 3 7 6 3 0 K - 0 1 
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TABLE E5.- NORMALIZED BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 

\ 

ON THE v = 0 -» 1 RAMAN VIBRATIONAL TRANSITION OF 0 2 . AJ = +2 



Relative 


Running sum of 



cross section 

Normalized 

normalized 


J 

AT - +2 

cross section 

cross section 

V(n) 

0 

1. IRAK + 27 

1 . 842 57E-02 

1 . 185977F+27 

3 . 6 7 07 OF -01 

3 

0. 

0. 

I . 185977F+27 

3 . r»7i4fiF-m 

2 

2. 921E+27 

4 . 535 69 F- 07 

4. 7 06979F+27 

3 . F 7 7 ? 7 F - 01. 

3 

0. 

0. 

4. 10097OF+77 

3.67298F-01 

4 

4.2120+77 

6 . 5 4 G 0 1 F - 0 7 

R. 3 1 8770 F + 27 

5.673 73E-01 

5 

0. 

n. 

8 . 3 1 8 7 7 ( J f + 7 7 

3. 6 7 4 4 7 F - n 1 

6 

4.943E+27 

7.G7795F-U2 

3 . 3 7 G 3 3 9 F + 7 8 

3 . 67521 F-M 

7 

0. 

0. 

1 .32033Q6+2G 

3 . 07595F-01 

8 

5. 091 F + 77 

7 . 9 0 5 7 7 F - 0 2 

.1 .835474F+28 

3 . 07669F-01 

g 

0. 

0 . 

] . ft 3 5 4 7 4 F + ? 8 

3. 67742F-01 

in 

4 , 737H+27 

7. 3555SF-02 

7.300175^+78 

3 . R7814F-0J 

u 

n . 

0 . 

7.3091 75F+78 

3. 67*876-01 

17 

4.043K+?y 

77772F-0? 

2 . 7 1 3 4 F' 3 F + 2 ft 

3 . 0 7 9 5 9 F - 0 1 

13 

0. 

0 . 

7, 713403^+78 

3 . 680306-0] 

.1 4 

3. 193 b* + 7 7 

1*. 957«fiK-(l? 

5 . < 3 2 75 ft F + 2F 

3 . 6 8101F-01 

15 

n. 

0 . 

3 . 0 3 7 7 3 8 F + 7 8 

3.68177F-01 

in 

2.34FFJ + 27 

3 . r.a?fi9K-n? 

. 3 . 7 0 73 78F + 78 

3 . 6 8. 7 4 7 F - 0 1 

1 7 

0. 

0 . 

3 . ?f')73?8F + 7F. 

3.68312E-01. 

18 

1.G10F+27 

7 . itOqtxlF-O? 

3 , 47R293F+2B 

3 . 68383 F- 01 

19 


_u. 

3 . 4 2 8 ? 9 3 F + ? ii 

3.68450F-01 

20 

J . OJ iiF + 27 

1 . POSCSF-O? 

3 . 531 69 OF + 2 8 

3. 6 85191“- 01 

21 

(J. 

0. 

3 . 53? r<)6F + ?ft 

3.685B7F-01 

22 

6.23] I + 2t 

9 . G 7 5 7 7 F “ 0 3 

3 . 594f)08F + ?r 

3.68655F-01 

23“ 

n. 

0. 

3 . 5 9 4 (1 1) ft F + 2 ft 

3 . 687736-01 

24 

3.577F+2C 

5 . 4 77 7 0 F - G 3 

3.f'?92ft2F + 7ft 

3 .687966-63 

25 

0. 

U . 

5 . 0 2 9 ?li ? F + 7 ft 

;> . 6 8 8 5 f. F- 0 1 

26 

1 .8781 + 7 0 

7 . 9 1 5 8 4 E - G 3 

3 . 04 ft 0(>() r + 7 ft 

3 . 68923F-0] 

27 

0. 

u . 

3 . 0400( 01+2!', 

3 .r.S°8 KF-03 

28 

9. 409L+25 

1.4 0 1 0 5 F - 0 3 

3.057 40902;; 

3 . fi 9 1 > 5 4 F - U 1 

~29 

0 . 

u . 

3 . 1 3740'JP +2i. 

3 . ffll 19F-U3 

30 

4 . 4 4 1 f ; + 2 5 

6. 8 9558 F -04 

3.01. .1 1 (J F + 2 ft 

3 . G 9 1 8 3 F. - 0 1 

31 

0 . 

G. 

3. 0 0.1 0.1 l’F + 2!, 

3.697481 -01 

3 2 

1 .975L+25 

3 . 0 0 7 1 0 F - 0 4 

i . 6 ft 3 ft ft 5 L + 2 ft 

5 . G 9 3 1 1 1: - u 1 

33 

0. 

G . 

3 . 0 0 3 ft ft 5 F + 2 ft 

3.693751’- G 1 

3 4 

8.2S4F+24 

1 . 28B3uK-04 

3 . 0 0' 4 7130 + 2ft 

3.094386-01 

35 

0 . 

n.' 

3 . 004713F + 2?. 

3.695006-01 

30 

3. 2 77I. + 2 4 

5 . 08841K-G5 

3 . G(-5 i)4ir + 2j; 

3.095626-01 

37 

n. 

« - 

3.0F5(;4n: + 7}> 

3 . 69G74L-01 

38 

1 . 7230+74 

1 . 890790-05 

3 . r,r,5io3i:+7ft 

3.69 6 8 5 !*'-(■ 1 

39 

G * 

0. 

3 .0(51 r3F. + 7ft 

3.697466-01 

4(j 

4.3U9E+23 

r.r.910GF-l)fi 

5 . 0. 0 5 2 (> 7 F + 7 ft 

3 , 698076-01 

41 

a. 

ii. 

3 . 0A5207E + 28 

3.698676-01 

42 

1.433* +23 

2.22534F-06 

3 . F ft 5 2 2 1 H + ? ft 

3. 699276-0} 

43 

0. 

0 . 

5 . 0 0 5 2 2 1 F + 2 ft 

3 . 6 9 9 8 G F -0 1 

4 4 

4.5011+72 

0. 96S54F-07 

3 . f> 05 7 25 F + 7ft 

3. 70H45F-01 

45 

(1 . 

0. 

3 . 0 0 5 7 7 5 F + 2 ft 

3 . 70J 03F-03 

40 

1 .3350+22 

2 , 0 7 2 7 4 E>0 7 

3 . (>f>5 2 27E+28 

3 .701616-01 

47 

0. 

G . 

3.0052270+20 

3 . 7021 9F-03 

48 

3 . 7 40 T + 21 

5 . 8 0 G 8 5 F - G 8 

3 . f 05 2 27F + 2 ft 

3 . 7 0 2 7 6 F - 0 1 

49 

0 . 

0. 

3.005227F+2S 

3.70533F-O1 

50 

9.SSJ7E + 20 

1 .536fif£-08 

3.065227F+28 

3 . 70389F-01 



TABLE E5‘- (Coat'd) 



Relative 


Running sum of 



cross section 

Normalised 

normalized 

^ go 

J 

, AT - +2 

cross section 

cross section 

?1 

n. 

o. • • 

.3.665227E+28 

— r:^445E-bl 

52 

2 . 475E+20 

3 .843116-09 

J? .* 6.6 5.2;27_E.+2 (L 
3.665227E+28 

3 . 70501 F- 01 

53 

0. 

0. 

3 . 70556F-01 

3.70R10F-01 

54 

5 . 848E + 19 

9 . 08095F-10 

3. 6 65227 E +78 

55 

0. 

0. 

3.665227E+28 

3.70665E-01 

56 

1.30GE+19 

2.02780E-10 

3.665227E+28 

3. 70719 E- 01 

57 

0. 

0. 

3.6C5727E+28 

3.70772F-01 

58 

2.75 GE + 1 8 

4. 27957 E -11 

3.6G5227F+28 

3.70875F-0] 

59 

0. 

0. 

3.6G5227E+28 

3. 7 0 8 7 8 F - 0 1 

60 

5.498E+] 7 

8 . 5 3 G76E-1 2 

3 . 6 6 5 2 2 7 E + 2 8 

3.709300-61 

6l 

0. 

0. 

3.BG5227F+28 

3 . 7098 7 E-03 

62 “ 

* 1 .03 76+17 

1/G0967E-12 

3 . 0 6 5 7 2 7 E + 2 « 

3.710330-01 

63 

0. 

b . 

3.6C5277E+28 

3.71084E-01 

. 64 

1 • 848E+1 6 

2.8 691 7 F — 2 3 

3.665227E+28 

3.71 134E-01 

65 

0. 

0. 

3 . 6 65 2270+28 

3 . 7 1 1 J14E-U1 

el 

3.114E+15 

4.83481E-14 

3 . 6 6 5 2 2 7 E + 2 8 

3. 71234 F- 01 

67 

0. 

0e 

3.BC5227F. + 28 

3.71283E-01 
3 . 7~i 3 3 ? F. - 0 i 

68 

4.9G0E+14 

7 . 7 0 2 4 7 F - 1 .5 

3 . 6 05227 F +28 

69“ 

0. 

0. 

3.6C5227F+28 

3.71381 F- 01 

70 

7.4/2E+13 

1. 16019015 

3.6662271 +28 

3,71428 F -01 

“71 

U. 

0. 

3. 6 C 5227 R +28 

5.71 4 7 f E - 0 ] 

72 

1.0G4E+13 

1.65 2 3 4 If - 1 E 

5 . T 6 5 2 2 7 E + 2 8 

3.715730-01 

73 

0 . 

6. 

3.0652276+28 

3,715700-61 

J1 - 

l.«J»33Etl2. 

. 2 .-2 25 12 EX 7 

3.0652270+28 

3.7161PE-01 

75 

0. 

0. 

3 . r *f 52/7 r +?f 

3 .71fir?r.nj 

“76 ‘ 

i.825F+il 

2,83344 F -18 

3.6659270+78 

3.7] 70 7F-m 

77 

0... 

0.,' . . 

3 , 6 f. 5 2 7 7 E + 2 8 

3 . 71757F-P1 

78 

?.3<>7fc+:i o 

3 . 4 1 1 8 7 K - 1 9 

3 f f f 5 2 7 7 6 + 98 

3 . 71 7 ° 7 o - r ] 

7n 

(j. 

0. 

3.r05277F+98 

3 . 71841 r - 6 1 

8n 

2.5021+09 

3.8R533F-?n 

' 3. f f. 5 7 2 7 F + 7 f: 

3 , 7 1 8 8 5 r - f> 1 

81 

n, 

0. 

3.0659776+7^ 

3.719280-01 

8? 

2. finin' + (»« 

4 . 1 8 3 7 5 I! - 2 1 

3. 6T 57771 +28 

3. 71 n 7 10-C ? 

83 

o. 

l* . 

Of 5?77r +78 

3 . 7 7u1 3 0-61. 

84 

2.744K+07 

4.260746-22 

3.6057770+78 

3 . 7 2 i 1 6 5 u ' - 1 * 1 

85 

n. 

i; . 

3 . 60 5277F + 70 

3 . 7?ii07F-ni 

8 6 

2 ,6 4 3 P + oi« 

4.1 6 3Yj 0 - 2 3 

3 . ( 0 5 7 7 7 !: '+ 2 8 

3 . 7 21 3 8 6 - r ' 1 

8 7 

lie 

0. 

3 • 6 6 5 7 7 70 + 7 8 

3.771 791-61 

"KR 

_7* 1 .n7i:>05 

3.7380 8 K - 2 4 

3. 0 0.5 72 70 + 78 

3. 7 221 9 f - n 1 

'89 

0. 

0. 

5 . 6 6 5 2 7 7 f +70 

3 . 7 2 7590-61 

ii- 

j? . 0 741+04 

? . 2 2 0 4 3 E - 2 5 

i* • 

3.6fi5Z2Zi: + ?8 
522/1 +26 


- 

' I,6STiE*u3 

7. 6 2 4] OK -26 

3.66527 7F + 2 8 

3 . 7 7 3 7 6 f' - 1 1 ] 

93 

0. 

0 . 

3. 66.5 2 270 + 28 

3 . 726] 4 6-61 

'94 

I.307E+07 

2.072356-27 

3 . 0, 0 5 7 7 7 F + 7 8 

.3 . 7 2 4.5 2 r - 1|1 

95 

0. 

0 . - 

3 . 6652770 + 28 

3 . 774R9l---n] 

96 

o . U94i: + im 

1 .. 474] 8K-78 

3 . 005727F + 78 

3 , 775260-61 

9 7 ' 

0. 

U .. 

1 . (if 5 7?/ f: + 7 8 

3 1 723 63 f- [11 

T J?T" 

6. 5460-61 

1 ,610/0 F-29 

3,6657776+78 

3 . 7759dF-ni 

99 

11. 

n. 

^ . 6 652270+7 8 

3. 7 2 6 3 ii r - fi i 

00 

4, 209H-02 

6,678646-3] 

3 . 60.57270 + 78 

3 . 726rqr-iil 
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TABLE E 6 .- NORMALIZED BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 
ON THE v = 0 — » 1 RAMAN VIBRATIONAL TRANSITION OF Og. AT = -2 


I 



Relative 


Running stun of 


J 

cross section Normalized 

normalized. 

Mro 


AJ =* -2 

cross section 

cross section 

? 

] . JlilF + 77 

3. 771700-07 

'J . fiiiiF.C!; I- + 9 7 

i — i 

i 

Ll_ 

tL. 

fj* 

3 

P , 

o. 

1 , J.4or9;-:-‘ + 77 

3 , (i f . 7 F 1 1 -111 

It 

7 * R T 7 " + 7 7 

4.141 886-02 

3 . 8 n;; 08.1 1 +77 

3. 6 f "68 5H-Ol 

5 

0 . 

0. 

3 ..onuu.u:+77 

3 . nr 60 4L--01 

o 

3 • n 5 7 F- + 7 7 

b . P7hii i k-ij? 

7. 45405. «i ; + ?/ 

3 . R f‘. *5 7 5 1‘ “ U 1 

7 

c . 

0 . 

7 . Ufitir.S 0 b + 2 7 

3 . fi*.U4Rt-01 


4 . 070E + 27 

i • . 3?ril)Ui:-U? 

3 .19 7 ■; 7 S i +78* 

3 . i » ( . 3 f ■ f . r - 0 I 

9 

0. 

0 . 

J . ’i 5 7 9 7 9 i ; + ■) >, 

5 , f . i ■ > 8 ( p c - u :i 

10 

3.9790+27 

0,17838 r - l . 2 

1 , -> 5 o >» f. 5 1 +7 8 

3 , r.r.y (,r-L. — o i 

11 

n , 

u . 

i .550 6 s ; ; + 7 * 

5 , nro.?5r - ui 

■ ? 

3. 91 91+27 

S . U r ,7r.(iF-u2 

1 , 9 0 7 3 4 0 r + 7 i ' 

3 . 6 > u 4 3 r* - 0 I 

13 

0. 

1) . 

1 ,90 2 3 4.i;-+ 78 

3 , ('5 9 C 2 K-01 

1 4 

7,.H48F + 77 

4. 422336-0? 

2.1871 41.1+2 8 

3 . r; ;; r r u i : - 1; i 

_1 5. 

_ 

_ 0 , 

2 ,1871 4 1 ) F + 7 8 

3 . (> S 7 9 7 K - II .1 

ie . 

2. 135£_+27 

3. ...3 15 776- 0 2_ . 

. 7 ..40UK76F + 28 

3 , 6 5 7 1 4 L. - 0 1 

17 

n.. 

.... o,. 

2,40 0 0 /' F F + 2 8 

3,656336- 0 J 

1 8 


7.3130FF-0? 

7. j.5 4 c ' !'■ 3_:J J;. + 2ij .. 

,3.«.65 5 4.7 rr.Ul. 

19 

_ 0. 



. 2 ,549 6 3 0 h + 28 

3.. 65 463 E- Ul 

20 

-Q..704E + 2.6. 

... l,50n&2F-f)2_ . 

. 2 . C 4 F F- 7 8 F + 2 8 

3 . 65379E-01 

71.. 

.0, . 

_ A . 

2 , fun;r. 7«F+2H 

3 . 6 5 294 i; - 01 

22 

5..919E + 2E 

. 9„ 1.9f- 37 E -03 . 

2.70 5 8 G 5 r + 2 8 

3 . 6 5 2 C 9 E - 0 1 

73 

n. 

.. . 0 -._ 

2.7D58656+2S 

3 , 6 5 1 2 4 1 - 0 1 

. ?4 

.. 3_.3J/:£.+JLfi_ 

5 . ? r 5 8 OFF - 0 5 

2 ji_7 3 9 7 2 7 F + 2 8 

3,650386-01 

2 5 

.0. 

. 0... 

2 , 7 3 9 7 2 7 F + 7 8 

3,049516-01 

7f 

1 j.S 7 Op +2 v. 

2 . 8 2 5 93 1 7 . - 0 3 

2 . 7 5 7 9 2 f l : + 7 8 

3 . 044696-01 

7 7 


.) . 

2 . 7 9 7 ■ 7i i- + ?8 

3 . i.47786-01 

26 

0.J9KE+25. 

1 ..4 2 8_3 U F : - 0 3 

2 . 7 0 7 3. 2 4 E + 2 8 

3 . 0469U4-C1 

29 

0. 

(J . 

2.7 67124 6 + 28 

3 . h 4 Go 2 L- 01 

50 

4.370E+25 

"U 794026-04 

7.771 5 0 or +28 

5 . 045 J 4 6-01 

‘"31 ‘ 


u. 

' 2;77l9i,or+T8- 

3.044 2 OF- G I 

57 

1 . 9 fi 1 L 7 + 2 5 

3 . 0 4 4 f 70-U4 

2.775 4 '.10 + 2 8 

3.04 3 3 7 1: - U 1 

33 

0 . 

C . 

2.7754 6 i I +28 

3 ,G 4 24 7« .-Ui 

34 

C. 28011 + 24 

- "l . 2 8 5 7 44 -0 4 

2 . 77420JE+28 " 

3 • u4l54ii-ul 

35 

0. 

0 . 

2 . 7 742oUi:+26 

3 . o4 OC o'E-ui 

3 r 

. A- 297E + 2 4_ 

" b'.il94'r:E-u5 

2.77ur.ifit + 2a 

3,ti3 9 77i.-ui 

37 ' 


"or" 

1.774iaaE+7S 

“3.r>3'8s;iTE-ori 

38 

1 ! 2 3 8 R +*2 4 

1,922746-05 

2.7 74742 E- + 2 8” ' 

3, 05 7 95b- 01 

39 

0. 

b. 

2. 774742E+2S 

3 . 637u4ti-Gl 

40 

4.3S8E+23 

G,ol375t-U0 

2 . 7 7 4 7 i) (i E + 2 8 

3, 636] 21.-01 

41 

. Q, ... , 

. o,__ . ..... 

2 . 7 7 4 7 8 6 E + 2 8 

3 . 6 3 5 1 9 E - 0 1 

..JkZ 

. __l-i.Afi.fi JLi 23.. 

2 _^ 2 Z 500 F-nr 

_1.^7 74 40.16+78. 

3,63427E-01 

43 

0. .... 

0. 

2.774401 1 + 28 

3. 63 3 341-- 01 

44 

4 • 6 3 .4J: + 7 2 

7.19615 E - 0 7 .... 

.2 , 7 7 4 8 0 5 E + 2 .8 

3.63240 E -01 

45 

C. . 

0,. ...... ... .. 

. ,2a 77-48JD5E+28 

3, G3 14 7E-01 

4.0 

1 . 382E+2? 

2..1.4558E-07 

2 . 7 7.4 8.07 F. + 2 8 

3 . £ 3 0 5 2 E - 0 1 

. 47 

0. 

0 f . 

2. 774807 F + 28 

3.62958E-01 

UP 

«LJL9l 1E+2.1... 

.6 . 

«..2ji_Z7lkSft7.E + 2fi„ 

3.62863E-01 

4.9 

0, _ ... 

h , 

2j 774S07E + 28 

3.6276861-01 

50 

J. 0356+2.1 . 

1 . 60696E-OS 

2.774807F+28 

3, 62672E-U1 

51. 

. 0^ .... . 

0 t _ 

2, 77 4 807E + 28 

3.62576F-01 

5? 

2..6.0QE+Z0 

.. 4 . E 3 7 8.8. F r 0 9 

.. 2 . 7.748 07E + 28 . _ 

3 • fi 2.4 8 6 E - 01 


I 



TABIE E6.- (Cont’d) 



Relative 


Running sum of 


J 

cross section 

Nomalized 

noimalized 



AX - -2 

cross section 

'cross section 

Mu) 

53 

C t. 

. 0 . 

. .2.774807E+78 

3Tfi 23 8 S f-UT 

5 4 

G.J7 <■£+!.& ... 

9^586356-10 

7.774807F+28 

3.6228GE-01 

55 

0 . 

0 . 

2.7748 1.7E + 28 

3.021894-01 

5F 

1 . 386F+1 9 

2 . 3 5067F-10 

2 . 7 7 4 /: [i 7 F + 7 0 

3.G2U91F-01 

57 

0 . 

0 . 

2 . 7 7 4 0 0 7 F + 2 8 

3.G1993E-01 

58 

2.93FE+1 8 

4.S5930E-11 

2.774.Mi7i; + 2h 

3.bl8S4F-l)l 

59 

0 . 

0 . 

2.7748 07F+28 

3.61795 k — 01 

(SO 

5. 883 F + 17 

9. 3 3533E-12 

2 . 7 7 4 & 0 7 K + 2 fi' 

3. 610964-01 

61 

lie 

0 . 

2 • 7 7 4 8 J 7 1 + 2 8 

3 . 61S 9 7T- GJ 

C? 

1 . 11 4F + .1 7 

1 . 7 3 U 0 9 il - 1 2 

2.774807L+2t 

3.6149/F-Ul 

C3 

0 . 

0 . 

2 . /744U7K+28 

3 . 6i3i)4taai,. 

r.U 

1 ;995F + lf, 

3. 1 ) <J 7 UR-] 3 

2 . 7 7 4 «i U 7 1 : + 2 « 

3 , G 1 2 S Cfe •- oh J 

05 

0 ; 

0 . . 

' 2. 774807F+28 

3.G1195t-01 

60 

3 f 375E+1 5 

5. 24118 if -14 

2. 774807 F + 28 

3 . 6 1 i J ) 3 F - 0 1 

67 

0 . 

0 . 

2. 774SU7F+28 

3.6U992F-01 

C 8 

5. 400E+14 

8.3049GE-15 

2.7748C7E+28 

3.60890F-01 

09 

0 . .. 

0 . 

2 . 7 7 4 8 0 7 F + 2 8 

3. 60787 1 : - 01 

Zi? 

1.6.7 IL+JJ... 

ilc 8.2.31- 15.... . 

2 . 7 7 4 8 0 7 F + 2 8 

3. G0684F-U1 

.. JLI- 

0 . 

0 . 

2.774407L+2fi 

3.6U5S1E-01 

.. 12...- 

1 . 108(1413 

.1^.813 02 R-1J-... . 

. 2J7748 07u + 28 

3.60478E-01 

..7.3 . 

jQ-a 

—Q.i 

.2 . 7 7 4J.;.0 7 fc + 2 B. 

3. 6U374F-01 

... .24 

_UJfl£+JLi_ 

-2,^521^-11-. 

. .2 ..7,7 < 1 . 8 /! 7 F.+ 2 S 

. 3 . 6JJ2 70E-0.1 

75 

.. 0 . . . 

0 . 

2. 774807E + 28 

3. 601G5E-G1 

7J... 


-J-U35_1_8F-J LS 

.._2 J .7 74 8C7E + 2 .f> 

_.3.600eQS-OJ 

L7. 

r 

_ 0 ._ . 

2 . 7 7 )■ fi 0 7 F. + ? fi 

3.59955R-01 


4.ilF+io 

_3^75»024F-1 9 

2 , 7 7 4 fi ti 7 F + 2 fi 

3 . 5 9 8 4 9 F - 0 1 

_ZS__ 

iij 


2 ,774}' r.7(- + 2fi 

3 , 59743F-(»1 

fiO 

2 . Z'iof + do 

4 ,.33 3 01 F - 20 

2,774 >. n 7 f- + ? }; 

3 , 59037F-(n. 

_. *r 

n. 

n. 

2.77 48 (i 7F + 2 fi 

3.596310-0] 


3 a 01 7F + 0 P. 

AiF843JE-71 

2 . 7 7 4 0 0 7 F + ? 8 

3 . 5 9 4? 4F - 01 

83 

0 . 

0 . 

2 . 7 74 8 ?) 7F + 28 

3 . 5 93101-0 1 

84 ' 

3.08/1^ + 07 

4. 70904F-7? 

7. 7 7U8M7F + ?“ft 

5.69^??r-0l 

85 



P. 

7 T 7 7 4 8 f 7 K + 7 8 

3 ”. 591 OlF-Ol 


7 . 98 7E + 0 F 

JI . 6 3 03iF-^?3^_ 

■" 2 .7 748071* +7 8 

3 .5 8 h ■ 1 2 1 * - r) 1 

87 

n . 

fi , 

2.774P07F+28 

3 .588P4 r-rn 

«8 

7. 777F+05 

Tr5330lR-?t'' 

777 71^87X7^+77: " 

"T75F7 7 5T“-~nr 

" 89 

fi." 

;j. ‘ 

" 7 . 7748o7F + ?/i ' 

5.58G65E-ra 

57: 

' 2 , 35 8 F + 0 4 

3.firl4)VR'-75' " 

2.774807 l + 2 8 

"'376356 0 E- 0 J 

91 

n. 

"(TV 

7 . 7 7 47; 07 F + 2 8 

T."5fti*cfir-ni 

92 

1 .979E+03 

2.99U73F-26 

2.77 48 07F + 28 

~3 . 5833 5 F - 01 

93 

n. 

n. 

” 2.774 807 r + 7 ft 

‘ 3‘758'724F-01 

94 

J . 492F+02 

2.3106FE-27 

7. 7T4i;0 7f+?8 

3”.'5FTT37. -1FI ' 

9.5 

0 . " 

0 . ‘ 

" 7.77 48 0 7 f: + 28 

3.58 no 2 E-01 


.i^nqi£+oi_.. 

jLM5JLaM£ 

_2'a7 7’4«'n7F + 28 ' 

3. 57890F-01 

_._9_Z .. 

(L . ._ 

0 . 

2^. 7 748 07 P + 2 ft 

3. 57 77b E- 01 

. -9.C. 

. 7.J.5.5 46. -<11. .... 

1 . 1730?F-79 

2.77 4807F+Zft 

3. 576664-01 

nq 

0 . — 

0 . 

2 . 774firs7K + 2 fi 

3. 57553F-01 


4 ^9(l5£_-.Q2 

JL.67.825J.- 3.1 

._ 2^17 41.075. +2.8 


.L 01 __ 

^ 

n. 

2_j_7 74807 F + 28 

3.57377E-01 

-JL02 

3.0F?F-n3 

Jl^75J31L-32_ 

2 . 7 7 4 8 0 7 F. + 2 fi 

5 721.3 E-ni. 
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TABIE E7-- NORMALIZED BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 
ON THE v = 0 -> 1 RAMAN VIBRATIONAL TRANSITION OF N 2 . AJ = +2 



Relative 


Running sum of 



cross section Normalized 

normalized 


J 

AT « +2 

cross section 

cross section 

GO 

0 

9. 79GE+20 

1.715746-07 

9 .7959456 + 26 

3..77_M0.E^(U_ 

1 

_JL Jl3 U£+J!.G_ 

_ L*5JL.29Gh.r.Q2 

. l_..£43 4.12E+27- 

3. 7JS9.3E-01 

2 

2,3726+27 

4j 15 475F-0 2 _ 

4...n5S5.5.E + 2 7 

3 .781056-01 

3 

1 . 4506+27 

2.53898F-02 

5 , 6 65,18 OF + 27 

. 3 . 7.8 7.1 7 F -01 

4 

3_, 293 E + 27 

5*. 7 6401 6-0 7 

8,956] 256+27 

3 , 78378F-0] 

5 

1 . 7696+27 

3 • 09756E-02 

1.0724676+28 

3 . 78439F-01 

6 

3. 6386+27 

0 .,371506-02 

3 .436246F + 28 

3 . 7 8 5 5 D F - 0 1 

7 

1. 802K + 27 

3. 15539E-G? 

1 . HI 64026 + 28 

3 . 78659F-03 

. & 

3 .453 E+27 

0 . ou5nii-:-r,2 

1 . 961 540F + 2S 

3 . 787696-03 

9 

1 . 603L+27 

2. 80811K-0? 

2. 1218686+2.8 

3. 78870F-01 

lo 

2 . 8 9GK + 27 

5.071446-02 

2. 411421F + 28 

3. 7S986F-01 

11 

1 . 2736+27 

2. 229006- U 2 

2.5366*856 + 28 

3. 790946-01 

12 

2 . 1 o 1 S: + 2 / 

3 .8193] F-02 

2. 75674 7F +28 

3. 792026-0] 

*13 

9 • i 1 3 1. + 2 u 

1.59G05L-02 

2.8478756+28 

3 . 793096-01 

14 

1. 4876+27 

2.004351-02 

2.9965796+28 

3.79415E-01 

15 

5 . 9 2 C F + 2 i . 

1 .0379PE-02 

3 .0558436 + 28 

3. 795236-03 

16 

9.2336+20 

1.017186-02 

3 . 1 4 .* 1 7 5 E + 2 8 

5 . 796776-01 

17 

3 . 5 1 ( ■ L + 2 0 

0.15871 6 -03 

3. l)!335iif : + 28 

3 . 79732001 

18 

5 . 2596+20 

9J7( ; ])l : -l'3 

3. ?357? t U' + ?r 

3 . 798576-01 

19 

1.9096+26 

5.344056-03 

3 . 2 3 U i; 2 2 '; + 2 S 

3.799416-01 

2(J 

2 . 7 2 41+26 

4.770496-03 

3 . ?8Pt'.S9K+?8 

3.80U45K-O1 

11 

^ « i; F + 2 5 

1 . G(.534r -03 

3 , 2 9 1 5 f 7 6 + 28 

3.8 03 I'PF-nj 

22 

1. 3006 + 20 

2,270646-03 

3 . 3 0 4 5 6 5 F + 2 8 

3.802516-01 

23 

4. 35 u 6 + 25 

7. 618 8 PE-04 

3.3089156+28 

3. 8035 36-0] 

24 

5 .7036+25 

9. 9b 7936-04 

3.3146186+28 

3.80 4 5 4 F - 0 ] 

25 

1.831F+25 

5 . 2 061 5 f -04 

3 . 31 64496+28 

3 . 8 0 5 5 6 F - 0 3 

2 6 

2.3026+25 

t . 0 3 2 fol -04 

3.316751 6+28 

3 . ftor-sr E -01 

27 

7 .0956+24 

1 . 247746-04 

3.31 5 4 601 + 78 

3.807576-01 


8. 51-26 + 2 4 

J . 499096-04 

3.3203161+28 

3. 808576-01 

29 

2 . 53 2 l + 2 4 

4 . 4 3 4 9 7 F - 0 5 

3 .320576, +28 

3 . 8 0 9 5 f 6-01 

30 

2 • 9356+24 

5 . 1 4 C 75 I -05 

3 .3208036 + 28 

3.8 3 05 56-01 

31 

8.3356+23 

] . 45 98 81. -05 

3. 3 2 09 4f 6+28 

3 . 83 1 53 6 - 0 1 

32 

9. 2796+23 

1.62571 6-05 

3 . 321 0551 +78 

3 . 8 1 2 5 3 F - 0 1 

33 

2.5316+23 

4.433.1 26-06 

3.32106 51 + 7 0 

3.81 3 4 8 F - 0 1 

34 

2. . 7 0 7 6 + 23 

4.7 4r. P. 5 ( ■ - 06 

5 . 3 ? 1 0 9 7 1. + 2 8 

3.814451-01 

35 

7.0956+22 

I .242376-06 

3 . 3 2 J 059F + 78 

3.8154 1 h -11 1 

36 

7.2886+22 

1. 27C54E-06 

3.321] ubl +78 

3 . 83 6 3 7 F -01 

37 

1.8556+22 

3.214416-07 

3. 37 J 1 081+78 

3.81 7326-01 

38 

1. 8 1. 26 + 22 

5.1 7 3 8 0 E - u 7 

5.32 .1 1 1 Or. + 78 

3 . 818276-nl 

^9 

4.3856+21 

7 . vwi05 J 6-08 

3.37113 06+28 

3.83 9276-0] 

4U 

4. in E+2 1 

7.288546-08 

3. 321117 1: + 2 4 

3 .820156-03 

41 

9.6796+20 

1.695256-08 

3.37ii:m: + 78 

3 . 8 7 1 (; f) K - f: 3 

42 

8.8256+20 

1 .5 U f» 31 6-08 

3. 3 2J.1 116 + 28 

3. 8 2 20 26-01 

45 

1. 9746+26 

3.457216-09 

5.321 3 13 6 + 28 

3. 822946-0-3 

44 

1.7316+21- 

3.031446-09 

3 . 3 2 1 3 1 1 i . + 2 8 

3 . S 2 3 6 G6- 0 1 

45 

5.7206+19 

0.515626-10 

3 .321] HI. + 28 

3.8247 7F-nl 

4b 

3.1 “5 6 6 +1 i; 

5.452566-10 

3.321113 ;" + 2fi 

3 .825666-01 

47 

6 . 4606+16 

1.1 55006-10 

3,3711116+28 

3.826 5 8 6 - o’ 1 

48 

5 . 25,:.;+ii, 

9-. 1990 76-11 

3.3213 11 6+28 

.3.8 2 74 86-03 

4 9 

i . f i' « 1 +3 : 

l .82772 — 11 

3.3213116+78 

3 . 828376-01 

5 0 _ _ 

8.13 -6+3 7 

1 . 4 2 4 3 5 r -11 

5 4 3 7 1 1 .1 1 ! + ? 7 

3 , 8 ? 9 ? 1 F-iM 






Relative 
cross section 
dJ m +2 


Noimalized 
cross section 


Running sum of 
noimallzed 
cross section 


\ GO 


m rJ.il 7 11 ll.F+7 8 ... . JJL&QIIl f- (!l 



J .18 40 + 1 7. 

.2., 0? 9 1 OF -1 7 

53 

2.13*6+] 0 

3,740176-13 

5T 

1.5430+3 r. 

7. R9954E-1.3 

FET 

2.7231: + 15 

4. 7 6 * 2 3 K - 3 4 

56 

1.88 70+3. 5 

3 . 3 0 5 0 7 O’ - 1 4 

57 

3.2066+14 

5.63535F-15 

38 

7.137K+1U 

3 . 74 248F-1 5 

59 

3. 491E+1? 

0.115736-70 

fit) 

7.2380+33 

3 . 9 3. 9 7 8 F - 1 6 

61 

3.5176+1 2 

6.160 3. 7F-37 

6? 

2.1686+12 

3 . 7 9 7 6 £ F - 3 7 

Tij' 

3.2771+11 

5 . 7 4 0 3 6 F - 1 8 

j£U 

1.943F+11 

3. 40 3 776-1-8 

65 

7. 825 F + 30 

4.948541-19 

66 

1.6316+30 

2. 82735 6-19 

67 

7.7531+nO 

3 . 9 4 6 7 7 F - 2 li 

68 

3 . 2306 + U9 

7 . 1 8518 F- ?0 

1>9 

3 . r»r,3 F+ or 

7.917.3 9 6- 73 

To 

8. 7756 + U7 . 

1.538R5F-21 

r 71 

3 . 1356+07 

1.988496-77 

72 

5. 7 8>F.+(ir. 

3 • 0 0 93 6F - 2 2 

75 

7.1736+05 

1 .25677F-73 

.74 

3.502K+U5 

8.J3412F-24 

7 b 

4. I93E+04 

7.34414F-25 

7 b 

9706+04 

1,449606-25 


7^?r, j:6+03 

3.97>nOF-?(i 


i . 0 25 V +u 7 * 

1 .795196-20 

79 

1 . 3 3GE+0 2 

1 . 9 8 8 9 7 F - 7 7 

80 

4.9306 + 0 3. 

8,045546-78. 

8] 

. 5, 7()iE+iir; 

9 .214786-29 

8 2 

2.20 (. f: + U IJ 

3.853256*29 

83 

7.2501.-01 

3.950956-30 

S4 ' 

^■D7se-02 

1 . 589386-30 

85 

£ . 95 3.6- 03 

i . 50779 E-3 1 

8G 

3.4046*05 

G.06744F-32 

T7 

3 . 2 8 7 l - 1- 4 

5 . 7 5 7 8 4 F - 3 3 

'88 

1.224L-U4 

2,14374 ! : - 33 

89 

i.il7E-05 

1 .-95 7146*3 4 

arr 

‘ 4 , OU 2 F -II 6 

7.010770-55 

"91 

3.5 1 SF^li 7~ " 

T . 15 7286-30 

92 

i.:-i]i:-0 7 

2.12181 0-36 

~9-3 

1 . 024'l--u8 

1 .792946-37 

94 

'3.3040-0 9 

5 . 9 4 4 3 O-B - 3 8 

95 

7 . 7 5 9 F - 1 0 

4.832426-39 

SIF “ 

S.800E-11 

1 .541360-39 

‘7T 

5V-1?' 

1 .205576-40 

9 Tv 

7.1120-12 

3.699546-41 

T -Tg 

1.589E-15 

2. 783906-42 

00 

4.6936-14 

8,239230-43 


.3 . 321111 F+78 3 .831028-01 

3. 37111] F+28 3.83190F-O1 

3. 371 111 Ft 28 3.83 27RF-01 

3.321 1,111+28 3,83383^-ni 

3.3211111+28 3.8541*8^-01 

3.32111 1F+28 3.833340-0] 

3. 32111 IF. + 28 3 , 8 3 0' 1 8 F - 0 1 

3 . 3 2 1 1 1 1 F + 2 8 3.83703F-01 

3.3211 110+28 3 . 8378F. r-01 

3.3711liF + ?8 3.838FC1F-01 

3.37 1 1. 1 1 F + 2 8 3. 83957F-01 

3.32113 18+28 3. 84034F-O1 

3. 3 71 ill 1 + 7 8 3 , 8 41 1 O' F - 01. 

3 . 3 211 1. 1 F+28 3 . 8 4 1. 0 7 E - 0 1 

3 . 37! illF+78 _ 3.842 780-01 
3 . 3 7 1 1 1 1 F + 28/ ~3~ 8 !< 3 ? K 0 - ( 1 1 

3. 321 11 1F+28 3.844370-0! 

3, 37! 11 10 + 28 3.8451 F.F-nl 

3. 5711110+28 3.84505F-01 

3.321.1 1 1 1+78 3.840730 -0] 

3.5211110+78 3.84750F-01 

3.371113 1+78 ,3,8487 70-01 

3. 32111 IF + 78 3 . 8 4 9 0 4 F - 0 1 

3.5711110+78 3.84980F-01 

3 . 37J 111 F+28 3.850550-01 

3.37!llir+28 3.8513OF-01 

3.. 3 . ? Hi l'+ 7 ft. 3 . 85 2o 4F-01 
5.3711110+78 3.85278F-P1 

3.3711110 +28. 3 . 8 5 3 5 1 F - 0 1 

3.3211111+78 3. 85474 F -01 

3 . 3 7 31110+7.° 3 . 8 5 4 9 fi f : . - 0 1 

3.3211110+78 3.855F8F-01 

5.321111F+28 3.850390-01 

3.3 211110 + 28 3. 85710 F. - 01 

3.3213!.] F+28 3.8578.00-01 

3.321 1 13.r + ?f 3.8584‘!F-i'l 

3.3211110+2? 3.859180-01 

3.3211110+20: 3,8598 70-1;]. 

3.373111F+78 5 . ? 005 5F -(. 1 

3.371111 I + 7.0 3.8.ri27F-oi 

3. 321111 F +78 3.881800-01 

3. 32111 10+78 3.887580-01 

3 . 3 21 1 1 1 i +28 3.88521F.-01 

3. 3211111. + 28 3.80387E-O1 

3.32illir+28 3 . 8 8 45 2 F- 0 1 

5.521 1 1 1 1 +78 5 . 8 8 5 1 OF - 0 1 

3.32111 IF + 78 5.8F.579E-01 

3. 3211 ]j 0 + 78 3 . 8 8 8 4 3 E - (1 1. 

3. .371 111 I +28 3.88705F-0! 
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TABLE E8.- NORMALIZED BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 


ON THE V = 0 -» 1 RAMAN VIBRATIONAL TRANSITION OF N2» AJ = -2 


J 

Relative 

cross section Normalized 

Running sum of 
noimalized 

Mu) 


AJ = -2 

cross section 

cross section 

.2 

. 9.2801+26 

1.. 025 4.4F-02..._ 

. . 9 . 7 8 1 ) 4 3 C r + 2 C 

3 . 7 7 5 3 9 E - 0 1 

3 

. 7 . S 9 4E + 2 G . 

1 . 3.8 2 EG E - 0 2 ... 

. 1.717435E+27 

3. 7 7 42-5 6-01 

.. 4 

2. <1.914 + 27 

.3.GG237E-02 

_ 3. 80 845 41: + 27 

3 . 7 7 3 1 0 E - 0 1 

5 

.. 1 . 7.33P + ? 7 

.?.ir>nr>F-u? . 

5.0410506+27 

3 . 7 71 o uf - oi 

r 

7 . nciDF + 77 

4. 72757 6 -r 2 

7.741.341 r + 27 

3 . /7;i7bE-0l 

7 

1 , 39.5F+-27 

7 . 450046-07 

9 .1 5 9 4 3 u 1* +77 

3.76UP2F.-0J 

r. 

i. 

7 . 7706+77 

i».fir.?59F-ii? 

1.101 501-6 + 28 

3 . 7 G 4 4 5 f - u 1 

r 

1 . ??n* + ?7 

?. 3 2 2 70 1 : - n 2 

1.374T 7 9 i-' + 2 ft 

3. 7G72oi-ul 

in 

2 . 4 5 1 F + 2 7 

4 . 2 ' J 7 4 1 F - 0 ? 

3 .5007534 + ^0 

3.700106-01 

n 

I . 0 9 81+27 

1 . 9 2 3 3 u E - 0 7 

1 , 6 7 9 0 fi / £ + 2 4 

3 . 7 C4 9 2 h - u 1 

12 

1 .9134 + 27 

3. 350C4K-U? 

1.: 703721 +20 

3 . 763736-01 

13 

£. 13 1E + 2C 

1.42i,55t-0? 

1 .951 47£L + 2o 

3 . / 02 5 4i.-ul 

1 *4 

1.341F+77 

2. 54790K-U2 

2.085531 l + i y 

3 . 7 C 1 5 4 1 - 0 1 

IS 

5 . 4 u 4 6 + 2 f 

■J . UG42U-U3 

2 .1505076+28 

5 . 7 ooi 4c-ol 

IF 

4 , 5 C 6 u + / C 

1. 4 897. ,4- 0 2 

2 • 2 2 4 G 2 3 c + 2 o 

3.75uS4G-01 

17 

3 . 7 7 n p + 2 C 

5 . 7 7. 7 0 2 F - 0 3 

2 . 2 5 7 3 2 4 i : + 2 8 

3.75773t-0l 

U 

4,9141+7 r. 

o . i» l.) 6 7 9 4 - 0 3 

2 .30046411 + 2;; 

3 . 75 ii 514-01 

19.. 

1,8 05!' + 2 r. 

3. 1R.170E-C3 

.? . 3245154 + 2 S 

3.75530 4-01 

?o 

2 . 5 fJ !i F + 2 r._ 


2 . 3 5045 9E + 2I. 

3 ./540/I--01 

.21 

9. 1204 + 25 

1.5073 4i- -03 . 

2,3595794 + 2.* 

3. 75 2841.-01 

z? 

JL, 2556 + 20 

2 . 1QMJ3E--3 

.2,37 212 94 + 2 0 

3.751C16-01 

.23. . 

k..22.6.E + 2iL. 

_ 2*40.15. 2C-jj.fi.. . 

.... *2. 37X5556+20. 

3 ,7.5o30l-u1 

2 4 

. _ 5.573E+25 

9 . 7 G023E- 0 4 . 

. 2.3L1927E+2S 

3.74914E-U1 

25. 

1.791E+25 

3.150076-04 

7 .3037206+28 

3.74789E-G1 

2 G 

. 2.275E+25 

. 3-SLaj*1.3r-0 4 

2.3GG001E+2C 

3.74GC4E-01 

2 7 

7 . G 43.E + 2 4 . 

1,233646-04 

2.3007056+28 

3.745394-01 

28 

. . 8.54 5 f. + 2 4 

.1, 45£7D£-0 4 

2 . 3 8 7 5 C o E + 7 8 

3 . 74415K-U1 

29 

7 . 5 3 9 E + 7 4 

_!u-4UajfJE-fl5 .. 

..2,3 8 741 4F + 20 . 

5.742806-01 

30 

2.957 F + 74... 

5^JL7897E“U5 

,2.3881094 + 2 0 

3 . 741F04-U1 

31 

8.4356+23 

_i.A77.3 4F -0 5 

2.3881946+28 

3 .740334-01 

32 

9.. 43 1* 1 + 23:. 

^ . 651 8 2 F - 0 5 

2 • 3 c> 8 7 8 0 K + 2 8 

3.739C5E-01 

33 

_. 2.5836+2 3 

_4.a 3.2 4 79F -0 f 

2.58 853 4 6 + 20 

3.73777E-U1 

3 4 

7.774 E + 23 

4.858 ft 8 6 - 0 f 

2 . 3 8 8 3 4 1 E + 7 1* 

3 . 730484-01 

35 

7. 2996+22 

1.278444-06 

2.388349, +26 

3.755204-1)1 

3 r 

7.5300 + 27'* 

1. 31 87 8 E- OF 

2.3 8 83 5 GE + zf. 

3 . 7 33 4 Oh-01 

37 

1 . 9 0 3 F + 2 2 

3 . 3 3 3 6 0 E - U 7 

2.3883586+20 

3. 752f uE-ul 

3S 

1.88FE+27 

3 . 3G4U0K-U 7 

2 . 3 8 8 3 6 0 E + 2 o 

3.7315UE-01 

5 9 

4.5R2E+71 

o * 0 2 5 1 3 E - 0 8 

2 .3 0 8 3 014 + 28 

3.73uli0t_-ul 

41) 

4.3F4E+21 

7 . G 4 3 3 5 h - U 8 

2 . 5 8 8 3 1 1 4 + 2 8 

3.7781. bt* 01 

43 

1 . 019E+21 

1 . 78415E-U8 

2 . 3 b K3 01 L + 2 8 

3 . 7 2 7 3 7 6 - u i 

4 2 

9.3240+20 

’ 3 . i>3 3 1 5 E- 0~o 

2.3 38 3 Git + 2 ft 

3.'72Gu5L-ul 

43 

2.092E+20 

3.G0405E-09 

2 * 3 8 8 3 6 1 6 + 2 8 

3.724754-ul 

4 4 

1.8410+20 

3 . 2 2 3 8 2 E - U 9 

2.3083 f> 16 + 2 o 

3 . 7234 U4-01 

4 5 

3.970C+19 

C.95253E-10 

2.3883G1F+28 

3. 722474-01 

46 

3.3576+19 

5 . 8 8 0 4 3 E - 1 0 

2.3883G1E+28 

3.720734-01 

47 

6*9 GJF+38 

1. 2101CO10 

2. 3 88 3 Cl _E+ 28 

3 . 7193a Erul 

4 8 

5. G60E+lfi 

■a. 91337 E -11 

2 . 5883 6 I E + 2 o 

5 . .7 i 8 0 5 1 - u 1 

4 9 

1.126E+18 

1 . 9 7 5 f j D E - 1 1 

2.3883014+28 

3.71f)7U6-ul 

50 

. 8 . 8 20 E + 1 7 

1.544C1E-11 . 

. 2 . 3.8 8 3 C 1 E + ? 8 

3.715344-^1 

51 

. 1.G90E+17 

2.9G0E3E-12 

.. 2 • 3.SS 5G1 6 + 2 C 

3 . 7 13 99.E-U1 

57 

3 .2710+17 

2.2 2554E-12 

_ 7. . 3.8 8 3.6 1 E + 2 8 

3 . 71263 E -01 



TABLE E8.- (Cont'd) 


Relative 

J cross section Normalized 

AJ * -2 cross section 


Running sura of 
^lormall zed 
cross section 


6 3 

.....7^ 3 Ii 9F t lfL 

4.10124F-1 3 

2-.3flB3.6l l+2 8 

. .3. 4 . 

.... 1.G93E+1& 

.2 _9 645 0E-13 

_..2 . 3 88361 E + 28 

..55... 

. 2 * 999. F+13 

- „5_,. 2 5.3.27 E-1.4 

2.3 .S 8361 E+2i: 

JLP„ 

2.055E+25 

3^053 53F-1 4 .. 

2.3.883.C1 F + 7R 

5.7... 

3 , 553F+1U 

6 V ?2?60F-1 ^ 

2. 3883616 + 20 

58 

? . 375F + 1U 

4 , 1 5 9 5 6 F - 1 6 

2.388361 F + ?R 

_59 

3.89 2F + 1 3 

JL 81 685F-1F 

7,3 8 8 3 f. 1 F + 2 8 

60 

7^5026+] 3 

4 . 3 8 2 3 5 F - 1 6 

7. 388361 F+28 

61 

3.9U4F+17 

6 , 9 0 7 1 8 F - 1 7 

2.3S8301F+78 

62 

7. 4 3 8 F + 1 2 

4. 27060 F. -17 

2 .3883016+28 

63 

3^696F+11 

r.. 47376F-1* 

2 . 3.(*^3f-i F + , J> 

6 4 

7.1 98F+11 

3.84969F-18 

2.3883616 + 7;-; 

65 

3. 2Q5F+10 

5 . 6 1 2 8 2 F - 1 9 

2.3 885 616 + ?}, 

6 F 

1 .833F + 10 

3 . 710 2 96: - 1 9 

7.3883616+78 

67 

2,5706+09 

4.5oi')5F-rn 

'2,38K3Sie + ?.K 

68 

1 t 41 4 F + 0 9 

2.47609F-20 

2 . 38ft3F.1 F + 2« 

69 

1 . 9 0 7 F + 0 8 

3.340736-71 

T. 3 yiTs GIT+'T'j;' 

70 

1 . 009F+08 

1 . 76780R-21 

2 . 3««3i;1 E + 2K 

71 

1 .310E + O7 

7.7 9 3 6 4 F - 2 7 

2. 3883616+28 

77 

R.fiRBF+nn 

1 .10747.6-22 

2.3883616+28 

73 

8 t 319E + 05 

1 . 45705F-73 

2.38S361E+2K 

74 

4.073E+05 

7. 13398 F -24 

2.38836] 6+28 

._Z5_ 

..kJ.W + QJi- 

£^5GMM-2£. _.... 

.. _2 J .3S.«.3GlK + 2fi 


„.2 A 3.Q3E+Hk . 

#*.Q33.7-7.E-25 _ 

_..2.3 88351E+2.4 

_ Jl— 

2.*-6ii0 E+1L1L. 

_ 4.J55838.E-2J5 

.. 2.3883E1E+28 

18 1 ^2 05 E+£3^ 

2^11£5_6.E-2£ . 

__^388361E+.-28 . 

- .79 , 

1 . 33QF+02 

2_*3«l4_EZEt.22_ 

- 2_. 3 8 83 61 E + 2 8 .. 

JLO 

_ 5.835F+01 

1 . 02190 E -27 

2 . 3£L83flLE+2S 

81 

0 . ? 3 5 F + P) 0 

L. (19-21 0 E-2 8 . 

„_2^3.S8361E + 2i] 

£2._ 

_2^_6JJt£+.(L0 . 

4 .57B.8J9E-2-9 

2. 3 8 83 61 E + 2. 8 _ 

iL3. 

_Z._E8_B.E-Q1. 

k^lQ 7,45 E -.3 Q ... 

. .2 . 388 3 61 E + 2 0 

_ja_ 

1..08.4F-0J 

. _L..8987.2E-3-D 

2* 3 8 83. Cl E+2 8 

_85_. 

-_1^JJ7 2F - CL2. 

. .1 ..87 788 F, -.3.1 

2^3883616+28 

C 6 

4.160T-03 

7. 28065E-32 

2. 388361 FJ + 28 

87 

3.958E-04 

C. 933006-33 

2 . 3 o 83 G1 6. + 2 8 ’ 

88 

1 . 4 7 8 E - 0 4 

2 . 58 803E-33 

7.388301E + 28 

89 

1.353E-05 

2 . 3 68 95 F-34 

2.388361^+28“ 

90 

4. 8576-06 

. 8 . 5 0 7 4 3 F. - 3 5 

2.3883616+78 

91 

4.277F-07 

7 . 491 706-36 ’ 

2.388301 E + 2 o 

92 " 

1 .4786-07 

2 . 5 8 8 3 5 E - 3 6 

2.3C8361G+28 

. w ~ 

i . 25 2i r -7nr 

jTTJ’T’jnrr ^37 ‘ ~ 

773 8 H3 EIE+TS"- 

9 4 

4. 161E-09 

“ 7 . 288 7CE-3S ' 

2 . 3 8 8 3 G 1 E + 2 8 

95 

3.392E-10 

'■ 5 • 9 4079b - 39 

‘2.3883G1E + 2C 

96 

1.085F-10 

1 : 89976^-39 

2 . 3 8 8 3 G 1 E + 2 S 

97 

8.505E-12 

1 . 4897 OF -40 

2.38S3G1E+2& 

98 

2.617E-12 

4 . 58318 E -4 1 

2. 38 8*3 Gl 6 + 7 8 

99 

1.974F-13 

3. 45766E-42 

2 l 3 8 83 G1 E + 2 8 

ion 

5 . 8 43’E-l 4 

3 . 0 2 3 4 5 F - 4 2 

‘ 2. 38 83 Ci E+2 8 

101_.. 

4.241E-15 

7.42846F-44 

2 . 3.883 61 E + 2 8 


1 ..2 0.8 E- 15 ... 

_ 2.^11 5J5 JErii 

- . 3 8-8 3.6.1 E +.2 8 _ 


Mu) 


.. .3 ^.7 0 9.8.9 f : "01 
3 • 7 0 8 5 ? t> 0 1 
3 «.7»'i71*«P-ni 
?.7057nr--ni 
3.704376-01 
3.7njciHF-01 
3 . 701 59F-01 
3 . 7 on i cn -u l 

3.6 9 8 7 £67 0.1, 
3 . P973«t«l- 

3 . 6 9 5 9 7 F - 0 1 
S/69456F-0] 
3 .6vj3iur-01 
' 3;^9171K-ii] 
3.r,‘;in?9E-r>i 
3 7h o 8 8 Tit - 01 
3.087426- 0 J 

3 . 6 f; 3 y 8 r. - 0 1 
3 ~68454E-01 
3 . 6 u 3 1 0 1 -. -01 
5.681 65E -01 
3 a. 6 8 0.1 9 E- QJL 
..3 , .6 ~7K73E-lil 
. 3.67727E-01 
. .3 -E75.SQE-.01 
_ 3_^6 1.43 4 Et 01 
..-I,J5.Z2flJ6E-Ill 
.3 ..6713 8E-01 
. 3.6G990E-G1 
3 .15 G 8 4 2-E - 0.1 
3,606936-01 
3,6G5_44H-UJ 

3._6G3 9 4E-0i 

3.6 02 4 4 F. - 0 1 
3 . 6T>o93E-0] 
3.65943C-0I 
3. 65791 F- 01 
3.r,5r,iiur-oi 
3.654886-01 
‘TT'6533TE-0T 
3.G5185E-UT 
3.G5030E-G1 
3 J 648 77E-U1 
3 764 723E-0I 
^3^64 5_69E-D1 
3._6 4 414E-0l 
3._642 5 9E-01 
3._64iC4E-01 
_3«J3~9 48E-01 
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TABLE E9-- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 

FINE STRUCTURE OF 0 2 * AT = +2 


J 

^ GO 

Normalized 
cross section 
AJ = +2 

d<P, . 

d<p, , 

0 

3.47254E-01 

1.842 16E-02 

9.48712E-3 1 . 

1 • 8974 2E— 30 

l 

3* 473236—01 

C. 

0. 

C • 

2 

3* 47393E— 01 

4.537416-C2 

2 * 3367 7E— 30 

4.6735 3E-30 

3 

3.474626-01 

0. 

0. 

0. 

4 

3.47532E-01 

6.54275E-02 

3.36952E-3C 

6. 739C4E-30 

5 

3* 47601E-01 

0. 

0. 

0. 

6 

3.47671E-01 

7.681 33E-02 

3. 955896-30 

7 .911776-30 

7 

3.47740E-01 

0. 

0. 

0 . 

6 

3.47810E-01 

7.90928E-02 

4. 073286-30 

8. 14656E-30 

9 

3*478 796-01 

0. 

0. 

0. 

10 

3. 479496-01 

7.35873E-02 

3 • 7897 4E-30 

7 • 57949E— 30 

ii 

3*480196-01 

0. 

0. 

0. 

12 

3* 48088E-01 

6.28020E-02 

3.2343 CE- 3 0 

6.46861 E-30 

13 

3.48158E-01 

0. 

C . 

0. 

14 

3 • 48228 E-01 

4.95935E— 02 

2.554C7E-30 

5.1081 4E-30 

15 

3*4829 7E— 01 

0. 

0. 

0. 

16 

3.48367E-01 

3.64 367E-02 

1.8764SE-30 

3 . 7529 8E-30 

17 

3.48437E-01 

0. 

0. 

0. 

18 

3.485C7E-01 

2. 49986E-02 

1.28742 E-30 

2.57486E-30 

19 

3.48577E-01 

0. 

0. 

0. 

20 

3.48647E-01 

1.60576E-C2 

8.26560E — 3 1 

1 • 6 5 394E-30 

21 

3* 48 716E-01 

C. 

0 . 

0 . 

22 

3.487866-01 

9.67523E-03 

4.98274 E- 3 1 

9.96549E-31 

23 

3.48656E-01 

0 . 

0 . 

0 . 

24 

3.48926E-01 

5.476 l 5E-03 

2.B2022E-31 

5.64044E-31 

25 

3* 48996E-01 

C. 

0 . 

0 . 

26 

3.49066E-01 

2.914 77E-C3 

1.501 l IE-31 

3.00221E-31 

27 

3. 49137E-01 

C. 

0 . 

C. 

28 

3.492076-01 

1.460256-03 

7.52C27E-32 

1.50405E-31 

29 

3.49277E-01 

0 . 

0 . 

0 . 

30 

3* 49347E — 01 

6 • 890 396—04 

3. 54855E-32 

7.C9710E-32 

31 

3.49417E-01 

0 . 

0 . 

0 . 

32 

3*494876-01 

3.064 12E-04 

1 • 5780 2E-32 

3. 15604E-32 

33 

3. 495586-01 

0 . 

0 . 

0 . 

34 

3.49628E-01 

1.28474E-C4 

6.6164CE-33 

1 • 323 2 8 6-32 

35 

3.496986-01 

0 . 

0 . 

0 . 

36 

3* 49 769E— 01 

5.080926-05 

2.61667E-33 

5.233346-33 

37 

3.49639E-01 

0 . 

0 . 

0 . 

38 

3.499096-01 

1 .89597E-C5 

9.76425 E- 34 

1 .95285E-33 

39 

3.499806-01 

0 . 

0 . 

0 . 

40 

3.50050E-01 

6.677 38E— 06 

3.43885E-34 

6.877706-34 

41 

3.50121E-01 

0 . 

0 . 

C. 

42 

3.501916-01 

2.22 0C9E-G6 

1.14334E— 34 

2.286696-34 

43 

3. 50262E-0 1 

0 . 

0 . 

C. 

44 

3*503326-01 

6.96971E-07 

3. 5894CE— 35 

7.178806-35 

45 

3.50403E-01 

C. 

0 . 

0 . 

46 

3.50474E-0L 

2.06642E-C7 

1.0642 IE- 35 

2.12842E-35 

47 

3 • 50544E— 01 

0 . 

0 . 

0 . 

48 

3.50615E-01 

5.787CQE-G8 

2.98030E-36 

5 • 9606 1 E— 36 

49 

3.506866-01 

0 . 

0 . 

C. 

50 

3. 50756E-01 

1.531 01 E— 0 8 

7 • 8847CE— 3 7 

1.576946-36 



TABLE E9-- (Cont’d) 


1 

J 

Mm) 

Normalized 
cross section 
AJ = +2 

dqp, . 

d <p, A 

51 

3. 5C827E-01 

C. 

0. 

0. 

5 2 

3.50898E-01 

3.82690E-C9 

1. 970856-37 

3.99171E-37 

53 

3.5C969E-01 

0. 

0. 

0. 

5 4 

3.51040E-01 

9.03877E-10 

4.654976-38 

9 • 309S4E- 38 

55 

3.51111 E-01 

0. 

0 . 

C. 

56 

3.511816-01 

2.C1747E-10 

1.C390C6-38 

2.078006-38 

57 

3. 512526-01 

C. 

0. • 

0. 

58 

3.513236-01 

4 .255 79E-1 1 

2 • 191 7 2E- 39 

4.383466-39 

59 

3.5139AE-01 

0. 

0. 

0. 

60 

3. 514656-01 

8* 48 5 20 £-12 

4. 3698 8E- 4 0 

8 • 73976E— 40 

61 

3. 5 1 536E-01 

0. 

C. 

0. 

62 

3. 516C8E-01 

1 • 599 13E-1 2 

8.235546-41 

1 .647116-40 

63 

3.51679E-01 

0. 

0. 

C. 


3. 517506-01 

2.84890E-13 

1.46 718 E— 41 

2.934 3 7E— 41 

65 

3.51821E-01 

0. 

0. 

0. 

66 

3.518926-01 

4.798056-14 

2.47095E-42 

4.941996-42 

67 

3. 51963E-01 

C. 

0. 

0 . 

68 

3 • 52035E-01 

7.63960E-15 

3.93440E-43 

7.86879E-43 

69 

3* 52106E-01 

0. 

0. 

0. 

70 

3.521776-01 

1 • 150Q5E-1 5 

5.9227 7E-44 

1.184556-43 

71 

3.52249E-01 

C. 

0. 

0. 

72 

3.52320E-01 

1 .636916-16 

8.4 300 56-45 

1 .68602E-44 

73 

3. 52391E-01 

0. 

C. 

c. 

74 

3. 52 463E-01 

2.20298E-17 

1.13454E-45 

2.269C7E-45 

75 

3.52534E-01 

C. 

0. 

0. 

76 

3.526066-01 

2.80345E-18 

1.4437 0E-46 

2. 88756E-46 

77 

3.52677E-01 

0. 

0. 

0. 

78 

3.52749E-01 

3.373546-19 

1 . 7 373 7E-47 

3.4747 5E— 4 7 

79 

3. 52820E-01 

C. 

0. 

0. 

80 

3.52892E-01 

3.83888E-20 

1.97 7C 26-48 

3. 954056-48 

81 

3. 52964E-01 

0. 

0. 

C. 

82 

3. 5 3035E-0 1 

4 • 13 106E-2 1 

2.1275CE-4S 

4.254996-49 

83 

3. 53 1 C7E-01 

C • 

0. 

0. 

84 

3.531 79E— 01 

4.204076-22 

2.1651CE-50 

4.33C19E-50 

85 

3. 532 50E-01 

C. 

0. 

0. 

86 

3. 53322 E-01 

4.046146-23 

2.0837 6E- 51 

4. 16 7 53E-51 

87 

3. 53394E-0 1 

C. 

0. 

C. 

88 

3. 5 3466E-0 1 

3. 682876-24 

1.89 66 6E-52 

3.79335E-5 2 

89 

3.535386-01 

C • 

0. 

0. 

90 

3.536106-01 

3.170406-25 

1 .632766-53 

3.26552E-53 

91 

3. 53682E-01 

G . 

G • 

0. 

92 

3. 537546-01 

2.581286-26 

1. 329366-54 

2 • 658 72E-54 

93 

3. 5 3826E-01 

0. 

0. 

0. 

94 

3.538986-01 

1 • 987 74 E— 27 

1 .C 2 36 86- 55 

2. 047376-55 

95 

3.539706-01 

0. 

0. 

0. 

96 

3. 54042E-01 

1.44 7 74 E-28 

7.455806-57 

1.49110E-56 

97 

3. 541 146-01 

C. 

C. 

0. 

98 

3.541866-01 

9.973386-30 

5. 136296-58 

1 .027266-57 

99 

3 • 54258E-01 

0 . 

C. 

0. 

100 

3. 543 30E-01 

6.498 57E-3 1 

3. 346776-59 

6.69353E-59 
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TABLE E10.- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 



FINE 

STRUCTURE OF 

0 2 . AJ = -2 




Nomalized 


3$(o>)u 

J 

Mu) 

cross section 
AJ « -2 

2 

3.47046E-01 

1.77161E— 02 

9 • 12379E-3 1 

1.82476E-30 

3 

3*469776-01 

0. 

0. 

0. 

4 

3.469C&E-01 

4.14226E-02 

2.13326E-30 

4* 26653E— 30 

5 

3 • 468 38 E-01 

0. 

0. 

0 * 

6 

3.4676SE-01 

5 *669936—0 2 

2*920016—30 

5 *840036-30 

7 

3.467C0E-01 

0. 

0* 

0 . 

8 

3.46631E-QI 

6*318906-02 

3.25424E-30 

6.5C847E-30 

9 

3.46562E-01 

0* 

C* 

0 * 

10 

3.46493E-C1 

6.17633E-02 

3.18081E-30 

6.36162E-30 

11 

3.46424E-01 

0. 

0* 

0 * 

12 

3*46355 E—0 1 

5*4548 7E -0 2 

2* 8C926E-30 

5*618516-30 

13 

3.46286E-01 

0 . 

0 . 

0 . 

14 

3.46217E-01 

4.41920E-02 

2*275896-30 

4.551 77E-30 

15 

3*461 48 E-0 l 

0. 

0. 

C. 

16 

3.46079E-01 

3. 3 1271 E— 02 

1 . 7C604E-3 0 

3.412C9E-30 

17 

3*460 10 E-0 1 

0. 

0 . 

0 . 

18 

3.45941 E-0 1 

2 • 3 1039E-0 2 

1. 18985E-3C 

2.3797CE-3C 

19 

3.45073E-O1 

0. 

C • 

0 . 

20 

3* 4 5 80 4 E-0 1 

1 • 5047QE— C 2 

7* 74 920F-3 1 

1.54964E-30 

21 

3*45735 E-0 1 

0. 

0. 

0 - 

22 

3.45666E-01 

9*17 495E-0 3 

4.72510E— 31 

9. 450206-31 

23 

3*455986-01 

0. 

0 . 

0 * 

24 

3*45 5 2SE-C 1 

5.24773E-C3 

2. 70258E-31 

5.405 16E— 3 1 

25 

3.4546CE-01 

0. 

0 . 

0. 

26 

3*4 6 392E-0 1 

2.81951E-03 

1*45 20 5E— 31 

2.90410E-31 

27 

3*4532 3 E-0 1 

0. 

0 • 

0. 

28 

3*4 5254 E— 0 1 

1.42459E-03 

7. 3 3 666E-3 2 

1. 467336-31 

29 

3*45186 E— 0 1 

0. 

0* 

0 . 

30 

3.451 17E-01 

6.774876-04 

3.489C6E-32 

6.97811F-32 

31 

3.45049E-01 

0. 

0. 

0 . 

32 

3*44980 E—0 1 

3.0 3464E — 04 

1*56284 E- 32 

3. 12568E-32 

33 

3.44912E-01 

0. 

0. 

0. 

34 

3*4484 4 E-0 1 

1*281026-04' 

6* 59 726E-3 3 

1 .31945E-32 

35 

3.44715E-01 

0* 

0. 

0 * 

36 

3.447C7E-OL 

5 • 09863E— 0 5 

2* 625806-33 

5. 251596-33 

37 

3*4 4639 E— 0 1 

0. 

0* 

0 . 

38 

3*445 70E— 0 1 

1*914126-05 

9*857736-34 

1*971556-33 

39 

3.44502E-01 

0. 

0. 

0 . 

40 

3*4 44 34 E-0 l 

6* 78027E— 06 

3.49184E-34 

6. 983686-34 

41 

3*44366 E—0 1 

0. 

0. 

0. 

42 

3.442976-01 

2.26678E-06 

1.16739E-34 

2.33478E-34 

43 

3.44229E-01 

0. 

0. 

0 * 

44 

3*44161 E— 0 1 

7*15421 E—0 7 

3.6Q442E-35 

7*368 84E-35 

45 

3.44093E-01 

0. 

0. 

0 . 

46 

3*4 4025 E—0 1 

2.13204E-07 

1 • C9800E— 3 5 

2*1 96 COE— 35 

47 

3*43951 E-01 

0. 

0. 

0. 

48 

3*43 8 89E-C 1 

6.00050E-08 

3.09026E-36 

6* 180 52 E — 36 

49 

3.438216-01 

0* 

0* 

0 . 

50 

3 • 437 5 3E — 0 1 

1.59518E-08 

8*21518 E— 37 

1.643C4E-36 

51 

3*4 3685 E—0 1 

0. 

0* 

0 * 

52 

3*436 1 7E— 0 1 

4* 0061 IE— 09 

2.06315E-37 

4. 12629F-37 


i 
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' „ 


TABLE. E10.- 

(Cont ’d) 


1 


Normalized 



J 

\ (n) 

cross section 
AT - -2 

53 

3.43549E-01 

0* 

0. 

0. 

54 

3.43481E-01 

9.50562E-10 

<i. 89540E-38 

9.79C79E-38 

55 

3.43413E-01 

0. 

0 . 

0 * 

56 

3*4 3346E-01 

2 • 13123E-10 

1.09 759E-38 

2.19517E-38 

57 

3.43278E-01 

0 * 

0 • 

0* 

‘ 58 

3.4321QE-01 

4*515626-1 1 

2.32554E-39 

4.651C5E-39 

59 

3.43142E-01 

0* 

0 . 

0 * 

60 

3.43075E-01 

9.04229E-12 

4*656786-40 

9*3 1 356F-40 

61 

3.430C7E-01 

0. 

0 . 

0. 

62 

3.42939E-01 

1 *711396—12 

8*81 365E— 4 1 

1.76273E-40 

63 

3.42872E-01 

0 . 

G* 

0. 

, 6 4 

3.42804E-01 

3 • 06 168E- 1 3 

1 • 57 676E— 4 1 

3*153536-41 

65 

3.42736E-01 

0* 

0 * 

0. 

66 

3.42669E-01 

5 • 17774E— 14 

2 • 66654 E- 4 2 

5.333C7F-42 

67 

3*42601 E-Oi 

0 * 

0 . 

0 . 

68 

3.42534E-01 

8 • 27782E- 1 5 

4 • 26 3C8E-4 3 

8.52615E-43 

69 

3*4 2466E-01 

0 * 

C. 

0. 

70 

3*42399E-01 

1.25115E-15 

6*44 344E-44 

1 .288696-43 

71 

3.42332E-01 

0 * 

' 0 . 

C. 

72 

3 • 422 64 E -0 1 

1*7879 IE-16 

9.207746-45 

1.84155E-44 

73 

3*4 2 19 7 E-0 1 

0 . 

0 • 

0. 

74 

3.42130E-01 

2.41569E-17 

1*244086-45 

2.488 16E-45 

75 

3.42062E-01 

0 . 

0. 

0. 

76 

3.41995E-01 

3.08614E-18 

1.58536E— 46 

3.1767 3E-46 

77 

3*419286-01 

0. 

C. 

0. 

78 

3 • 4 1860E-0 1 

3.72809E-19 

1.91997E-47 

3.83993E-47 

79 

3*4 1793E-01 

0 . 

0. 

0. 

60 

3*4 1726 E-0 1 

4*258616-20 

2. 192 18F-48 

4.38637F-48 

ei 

3*4 165SE-01 

0. 

0 . 

0. 

82 

3*41592 E-0 1 

4*600 1 8E-2 1 

2.36909E-49 

4.738 10F-49 

83 

3*4 1525E-01 

0 . 

0. 

0. 

84 

3*4 14 58 E-0 1 

4. 699166-22 

2.42C07E-50 

4.84014E-5C 

85 

3*4 1391 E-0 1 

0. 

0* 

0. 

86 

3*4 1324E-0 1 

4*53 960E — 2 3 

2.33 789E-5 1 

4. 675796-51 

87 

3.41257E-01 

0* 

0. 

0. 

88 

3*41190 E— 0 1 

4 • 14 74 IE-24 

2. 13592E-52 

4.27183E-52 

89 

3*41 1 23 E-0 1 

0. 

0 • 

0. 

, 90 

3*41056 E-0 1 

3*563 5 2E- 2 5 

1 • 84 5 52E— 5 3 

3.691C3E — 53 

91 

3.4C985E-0I 

0. 

0. 

0. 

92 

3* 4C922E-01 

2.92838E-26 

1*508 1 2E — 5 4 

3.01623E-54 

53 

3.4C855E-01 

0 . 

0. 

0. 

94 

3.4C788E-01 

2*263276-27 

1*16 5 59E- 55 

2.331 17E-55 

95 

3.4C722E-01 

0 . 

C* 

0. 

56 

3.4C655E-01 

1 *654436—28 

8*520326-57 

1 .704C6E-56 

97 

3*4C588E-01 

0* 

0 • 

0. 

58 

3.4C522E-01 

1 • 14385E-29 

5 *89 0846-58 

1.178 17E-57 

99 

3.4C455E-C1 

0 • 

0 . 

0 . 

ICO 

3.4C388E-01 

7 *480146 — 31 

3.05227E-59 

7.70454E-59 

1C1 

3 • 40322E-0 1 

0 . 

0. 

0. 

1C2 

3 « 402 55E-0 1 

4*62673E— 32 

2.38276E-60 

4.765 53E-6C 
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TABLE Ell.- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 


FINE STRUCTURE OF N 2 . AJ = +2 


J 

K GO 

Normalized 
cross section 
AT = +2 

2W 

d<p, , 

dn (aj) " 

0 

3.472956-01 

1.71618E-02 

5.53982E-31 

1 • 10796E-3Q 

1 

3. 473916—01 

1 • 51 347E-02 

4 • 885 48E-31 

9.77095E-31 

2 

3.47488E-01 

4.15647E-02 

1.3417 IE-30 

2.68342E-30 

3 

3.47585E-01 

2.54021E-C2 

8 • 1998CE— 3 1 

1 • 63996E-30 

4 

3.476816-01 

5.76717E-02 

1 • 86 Li 4E— 30 

3. 723286-30 

5 

3 .477786—01 

3 • 09 944 E— 02 

1.C005CE-3C 

2.00100E-30 

6 

3.478756-01 

6.37570E-02 

2.058C8E-30 

4.11615E-30 

7 

3.479726-01 

3.15762E-02 

1.01926E— 30 

2 .038566—30 

8 

3. 48069E— 01 

6.04953E-C2 

1 • 95279E- 30 

3 . 90558E- 30 

9 

3. 481 66E-01 

2 . 8103 1 E— 02 

9.0716 7E-3 1 

1.81433E-30 

10 

3. 48263E— 01 

5.075 58 E-G2 

1.6384CE-30 

3.27679E— 30 

11 

3.483606-01 

2.23087E-C2 

7.20124E-31 

1 • 44025E— 30 

12 

3. 48457E— 01 

3.82259E-02 

1 .2 339 2 E-30 

2.46786E-30 

13 

3.48554E— 01 

1.597 44E-02 

5.1 56 52 E- 31 

1.C3130E-30 

14 

3 • 48651 E-01 

2.60684E-C2 

8.4148SE— 31 

1.68298E-30 

15 

3.48749E-01 

1.03890E— 02 

3. 353586-31 

6.707 16E— 3 1 

16 

3. 48846E— 01 

1.618 60E-02 

5.22482E-31 

1 • 04497E-30 

17 

3. 48943E-01 

6.16406E-G3 

1.98976E-31 

3.9 79 52E— 31 

16 

3. 4904 IE-01 

9 . 18 3 94E-03 

2.9645GE— 31 

5.92915E-31 

19 

3. 49138E— 01 

3.34684E-C3 

1*0 803 6 E— 3 1 

2. 16072E-31 

20 

3.49236E-01 

4.77434E-G3 

1.541 1 6E— 3 1 

3 • 0823 IE— 31 

21 

3.49334E-01 

1.66663E-03 

5 • 3 75 0 6 E — 32 

1.07558E-31 

22 

3. 49431E— 01 

2.27832E-C3 

7.35441E-32 

1 .4 7C 886-31 

23 

3.49529E-01 

7.62 4 16E— 0 4 

2.461C8E-32 

4.922166-32 

24 

3. 49627E-01 

9.99436E-04 

3.2261 8E— 22 

6.45236E-32 

25 

3. 49725E— 01 

3.20803E-04 

1.035 5 5 E — 32 

2.07111 E— 32 

26 

J.49823E-0J 

4.034 72E-04 

1.3024 IE- 32 

2.6C482E-32 

27 

3. 4992 1 E— 01 

1 • 242 8 IE— 0 4 

4.01176E-33 

8.023 5 7E— 33 

28 

3. 500 19E-0 1 

1.50027E-04 

4* 84 287 E- 33 

9.68574E-33 

29 

3. 50117E-01 

4 • 43 635 E— 0 5 

1.43205E-33 

2.06411E-33 

30 

3 • 502 1 5t-01 

5.14192E-05 

1.6 59 81 E- 33 

3.3 1962E-33 

31 

3.50313E-01 

1.460 C8E-05 

4.71315 E- 34 

9.4 262 9E — 34 

32 

3. 504 1 1 E— 0 1 

1.62528E-05 

5.2464 IE-34 

1 • 04928E— 33 

33 

3.50509E-01 

4.43286E-C6 

1 .4 305 3E— 34 

2.86185E-34 

34 

3. 50608E-01 

4.740C6E-C6 

1.53009E-34 

3.06019E-34 

35 

3.507G6E-01 

1.24203E-06 

4 . 0052 6E-35 

8.0 18526—35 

36 

3. 50805E-01 

1.27 603E-06 

4.1190 3E— 3 5 

8.238C7E-35 

37 

3. 50903E- 01 

3.21274E-C7 

1.03707E-35 

2.07414 E— 35 

38 

3.51002E-01 

3.171 80E-C 7 

1 .0238 6E-35 

2 . 0477 IE-35 

39 

3.511 OOE— 0 1 

7.67448E-08 

2.47732E-36 

4.95464E-36 

40 

3. 51199E— 01 

7.281 79E-C8 

2 • 350 5 £E-36 

4.70113E-36 

41 

3. 51298E-01 

1.69343E-C8 

5.46638E-37 

1.09328E-36 

42 

3. 51357E— 01 

1 • 54442E— C 8 

4.98538 E- 37 

9.9 7076E-37 

43 

3. 51495E-01 

3.45243E-09 

1.1144 4E — 37 

2 . 228 89E-37 

44 

3 • 51 594E— 01- 

3.02675E-C9 

9.77033E-38 

1.954C7E-37 

45 

3. 51693E— 01 

6.50442E— 10 

2 .0996 BE- 2 8 

4. 19925E-38 

46 

3. 51792E— 01 

5.482 15E-10 

1.76964E-38 

3.53928E-38 

47 

3. 5189 IE— 0 1 

1.13264E-10 

3.65616E- 39 

7.3 1233E-39 

48 

3. 51990E— 01 

9 • 17825E— 1 1 

2. 96274E-39 

5.92548E-39 

49 

3 • 52090E-0 1 

1.82323E-11 

5.86538E-4C 

1.17 7 0 8E— 39 

50 

3. 52 189E-0 1 

1.42057E— 11 

4 . 5856 CE- 40 

5.17121 E— 40 



) 


TABLE Ell. - 
Normalized 

(Cont'd) 

rim 

d <p, . 
^r(a>)n 



cross section 

“(cd)x 

J 


AT - +2 

d0 

dO 

51 

3# 52288E— 01 

2.713396-12 

8.7588 2E-41 

1.75176E-40 

52 

3# 52387E-01 

2.032896-12 

6.56218E-41 

1.31244E-40 

5? 

3*526876—01 

3. 733 05E-13 

1.20529E-41 

2 • 41057E— 41 

5* 

3.525866-01 

2.69007E-13 

8 .683 55E-42 

1 • 73671E-4 1 

55 

3.526866-01 

4.751396-14 

1 • 53375E-42 

3.06750E-42 

5$ 

3.527856-01 

3.29195E-14 

1 .0626 4E-42 

2. 12528E-42 

57 

3. 52885E— 01 

5.59170E-15 

1 • 8050CE— 43 

3.61000E-43 

59 

3 • 52985E-01 

3.72580E-15 

1 « 20269E-4 3 

2 • 40538E-43 

59 

3. 53086E— 01 

6 .08645E- 16 

1.9647 IE— 44 

3.92941E-44 

60 

3.53186E-01 

3.90032E-16 

1.259C2E-44 

2.5 1 805E — 44 

61 

3 • 53286E-01 

6 • 12 793E-17 

1.978 10E- 45 

3.95619E-45 

62 

3.533866-01 

3.77682E-17 

1.21916E-45 

2 * 4 383 2E-45 

63 

3.53686E-01 

5.70719E-18 

1 • 8422 8E- 46 

3.68456E-46 

66 

3.53584E-01 

3.38318E-18 

1.09209E-46 

2.18418E-46 

65 

3. 53686E— 01 

.91 7 20E— 19 

1.567276-47 

3.17455E-47 

66 

3. 53786E— 01. 

2.80365E-19 

9 *050 1 6E-48 

1 • 8 10C4E— 47 

67 

3. 53886E-01 

3 .91 9 45E-20 

1 • 26520E— 48 

2.5 3040E-48 

69 

3. 53985E-01 

2.14954E-20 

6.9 3 87 IE-49 

1.38 774E— 48 

69 

3. 540 85E-01 

2.89045E-21 

9 • 3 3C39E- 50 

1 .86608E-49 

70 

3.54185E-01 

1.52479E-21 

4 .92203 E- 50 

9.84 4C7E— 50 

71 

3.56286E-01 

1.97225E-22 

6.36642E-51 

1.27328E-5C 

72 

3 • 543 86E-01 

1.00079E-22 

3 • 2305 4E-5 1 

6.461C8E-51 

73 

3.56687E-0I 

1.24518E-23 

4.0194 4E- 5 2 

8.C3887E-52 

76 

3.56587E-01 

6.C7792E-24 

1 • 96 1 95E- 5? 

3.92390E-52 

75 

3.546886-01 

7.27433E-25 

2.3461 5E— 53 

4 • 6963 IE-53 

76 

3. 56789E— 01 

3.41 561 E— 25 

1 • L0256E-53 

2.20512E-53 

7? 

3. 54889E-01 

3 .932436—26 

1.26939E-54 

2.5387 8E — 54 

78 

3. 56990E— 01 

1.776 22E— 26 

5.73363E-55 

1. 14673E-54 

79 

3. 55091E-0 1 

1.96722E-27 

6.35018E— 56 

1.2 7004E- 55 

80 

3. 55 192E-01 

8 • 547 78E-28 

2 • 7592 2 E- 56 

5.51 84 5E-56 

61 

3.55293E-01 

9 . 107 10E-29 

2.939 77E- 57 

5.07954F-57 

82 

3.55394E-01 

3 • 806 75E-29 

1 • 22ft 8 2E- 5 7 

2.45764E-57 

83 

3.55495E-01 

3.90 1 73E-30 

1.2 594 £E- 58 

2.51895E-58 

86 

3 • 55596E-0 1 

1 • 56895E -3 0 

5 • 064 5 8 E- 59 

1.01292E-58 

85 

3.55698E-01 

1 • 5470 IE-31 

4.9937 6E— 60 

9.98753 E-60 

86 

3 . 55 799E-01 

5 • 984 56E-32 

1.931 82E-60 

3. 86363E-60 

87 

3.55900E-01 

5.67601E-33 

1.83240E-61 

3.66495 E-6 1 

88 

3.560C2E-01 

2.11267E— 33 

6.81971E-62 

1 .36394E-61 

89 

3.561 03E-0 l 

1.92 796E-34 

6.22345E-63 

1 . 24 4 69 E-6 2 

90 

3. 56205E— 01 

6.90272E-35 

2.22820E-63 

4 • 45640E-63 

91 

3. 563 C6E-01 

6.060 14 E- 36 

1 .9562 IE-64 

3.91242E-64 

92 

3. 564C8E— 01 

2.08 7 40E—36 

6.73812E-65 

1.3 47 62 E- 64 

93 

3.565C9E-Q1 

1.76307E-37 

5.6911 8E-66 

1.13824E-65 

r 96 

3* 566 1 1 E-01 

5.84246E-38 

1 .8e595E-66 

3.771 89E-66 

95 

3.56713E-01 

4.74 7 51 E-39 

1.53249E-67 

3 • 06499E-67 

96 

3. 5681 5E-01 

1.513566-39 

4. 88576 E- 68 

9.77 15 5E-68 

97 

3.56917E-01 

1.18326E-40 

3.81956E-69 

7 • 639 1 2 E -69 

98 

3. 570^19 6-01 

3.62933E-41 

1.1715 5E-69 

2.34 30 98-69 

99 

3.5712 IE-01 

2.72973E-42 

8.81157E-71 

1.76231E-70 

100 

3. 57223E— 01 

8.05530E-43 

2.60025E-71 

5.2005CE-71 
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TABLE £12.- DIEPEREMTIAL BACKSCATTER CROSS SECTIONS FOR PURE ROTATIONAL RAMAN 

PINE STRUCTURE OP Ng. AT = -2 


J 

Mu) 

Normalized 
cross section 
AJ ~ -2 

s<"»- 

S &d>i ' 

2 

3 #470056—0 1 

1.6254 IE-02 

5.24684E-31 

1.049 3 7E— 30 

3 

3 #469096—0 1 

1.38243E-02 

4*46 24 8E— 3 1 

8.924 96E-3 1 

4 

3*4681 3 E-0 1 

3 *661 52E-02 

1. 18194E-30 

2.363686-3C 

5 

3.46717E-01 

2.15812E-02 

6 • 96640E-3 1 

1.393286-3C 

6 

3 • 4 66 20 E-0 1 

4. 72 5376— 0 2 

1.525356-3C 

3.0507CE-30 

7 

3*46524 E—0 1 

2*449206-02 

7 * 9060 l E- 3 1 

1.5812CE-30 

8 

3.46428E-01 

4.85888E-0 2 

1. 56845E-3C 

3 • 13689E— 30 

9 

3.46332E-01 

2.320 79E-02 

7*491526—31 

1 . 49830E— 30 

10 

3.46236E-01 

4. 2881 IE— C2 

1.38420E-3C 

2 • 76840E— 30 

11 

3*461 4QE-0 1 

1.921176-02 

6.201536-31 

1.240316-30 

12 

3 • 463 4 4 6—0 1 

3.34630E-02 

1.08019E-3C 

2, 16037E-30 

13 

3.45949E-01 

1.41847E-02 

4* 578 8 3E-3 1 

9 « 15 76 6 E— 3 1 

14 

3.45853E-01 

2.34408E-02 

7.566706-31 

1.51334 E- 30 

15 

3*45757E-01 

9.44727E-03 

3 • C 4958 6— 3 1 

6.C9916E-31 

16 

3*4 5662 E— 0 1 

1.48685E-02 

4 *79954 E— 3 1 

9.599C7E-31 

17 

3*4 5 566 E—0 1 

5.7I470E-03 

1.844706-31 

3.68941E-31 

18 

3 • 45470 E—0 1 

8.58668E-03 

2.77178E-31 

5 • 54356E— 3 1 

19 

3 • 4537 5E— 0 1 

3.153706-03 

1*018026-31 

2.036C3E-31 

20 

3.4528CE-01 

4.53159E-03 

1.46280E-31 

2 • 92560E-3 1 

21 

3*451 84E— 0 l 

1.59266E-03 

5. 14112 E- 32 

1.02822E-31 

22 

3.45089E-01 

2* 19114E-03 

7.073006-32 

1.4 1460E-31 

23 

3*4 49 9 4 fc— 01 

7*376 7 3E-04 

2*38121 E- 32 

4.7 62 426 — 32 

24 

3.44098E-O1 

9. 72540E-04 

3. 13936E-32 

6.278 72E-32 

25 

3*4 4803 E-0 1 

3. 138726-04 

1.01318E-32 

2.02636E-32 

26 

3.447C8E-01 

3.968116-04 

1.28090E-32 

2. 561816-32 

27 

3.44613E-01 

1.228396-04 

3.965236-33 

7.93C47E-33 

28 

3.44518E-01 

1.489976-04 

4.809636-33 

9 .619256-33 

29 

3*44423 E-0 l 

4.426256-05 

1.428796-33 

2.857596-33 

30 

3*44328 E—0 1 

5.153116-05 

1.663426-33 

3 . 3 2 £ 6 56-3 3 

31 

3*4423 3E — 0 1 

1 • 46 958E-C 5 

4* 74381F-34 

9.487616-34 

32 

3*4413 8 E-0 1 

1 • 642 71 E-05 

5.302676-34 

1.060536-33 

33 

3*44044 E—0 1 

4.49864E-C6 

1. 452166-34 

2 . 904 326-34 

34 

3.43949E-01 

4.82948E-06 

1 . 558966-34 

3. 117916-34 

35 

3*43 854E-0 1 

1*2 703 5E — 06 

4.100696-35 

8.201376-35 

36 

3.43760E-01 

1 • 31006E-Q6 

4.228876-35 

8.457756-35 

37 

3*4 366 5 E—0 1 

3*3 L059E— 07 

1.068666-35 

2.137326-35 

38 

3*4357 IE— 0 1 

3* 28023E— 07 

1.058866-35 

2.117726-35 

39 

3.43476E-01 

7 • 965 00E-08 

2.571 1 OE— 36 

5. 14220E-36 

40 

3.43382E-01 

7. 583766-08 

2. 44804E— 36 

4.896076-36 

41 

3*4 3288E-0 1 

1 . 76968E-08 

5.712546-37 

1.142516-36 

42 

3. 431936-01 

1.619396-08 

5.227416-37 

1.04548E-36 

43 

3.43099E-01 

3 • 632 02E — 09 

1.17242E-37 

2.34483E-37 

44 

3*4 3005 E—0 1 

3*194 59E — 09 

1.031216-37 

2.06243E-37 

45 

3.42911E-01 

6.88720E-10 

2.22319E-38 

4 • 44627E-38 

46 

3.4281 7E— 0 1 

5.823206-10 

1.879736-38 

3.75946E-38 

47 

3*4 27 23E— 0 1 

1 • 20688E— 10 

3.89579E-39 

7. 791596-39 

48 

3*4 2629E-01 

9.8 1009E— 1 1 

3.16670E-39 

6.333396-39 

49 

3 • 4 253 5E-01 

1 • 9547 IE— 1 1 

6.3C9806-4C 

1 • 261 96E- 39 

50 

3*42441 E—0 1 

1*527 63E- 1 1 

4.931 18E-4C 

9. 862366-40 

51 

3 » 4 234 7E— 0 1 

2.92662E-12 

9.447 146—4 1 

1.88943E-40 

52 

3.42253E-0 1 

2.19916E-12 

7.098896-41 

\ .419786-40 
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TABLE E12.- (Cont'd) 


j Mu) 


Normalized . 

cross ’section ^(m)± ^(cu) u 


53 

3. 421606-01 

4.051 1 IE— 1 3 

1.30 770E— 4 1 

2.615406-41 

54 

3 • 42066E-0 1 

2*927156-13 

9 . 44 883E-42 

1*889776-41 

55 

3. 419726-01 

5 .185076-14 

1 • 67 374E— 42 

3.34748E-42 

56 

3.418796-01 

3*6027 1E-.14 

1. 16296E-42 

2. 325916-42 

57 

3*41785 E w 0 1 

6*136976-15 

1.98 1 02E-4 3 

3 . 962 C 36-43 

58 

3.41692E-01 

4. 100666-15 

1*32 369E-4 3 

2.64 739E-4 3 

59 

3.41598E-01 

6*71 760E— 16 

2. 168446-44 

4.336886-44 

60 

3 • 4 1505E-0 1 

4* 31676E-16 

1.39 345E-44 

2 • 7 869CE-4 4 

61 

3*4 14 12E-0 1 

6.800966-17 

2.195356-45 

4.390706-45 

62 

3*413 18E-0 l 

4 * 203 1 5E- 1 7 

1.35678E-45 

2. 713556-45 

63 

3*4 1225E-0 1 

6* 36877E — 1 8 

2 • 05 5 84 E-46 

4,111686-46 

64 

3.411326-01 

3 • 7856 IE- 1 8 

1 * 22 200E-46 

2. 443996-46 

65 

3 • 4 10 39E-01 

5*5 169 7E- 19 

1. 78C88E-47 

3.561766-47 

66 

3.4C946E-01 

3.15407E-19 

1. 01813 E- 47 

2.03627E-47 

67 

3.4C853E-01 

4. 421126-20 

1.42714 E- 48 

2*6542 86-48 

68 

3.40760E-01 

2.43112E-20 

7* 84 765E-49 

1.569536-48 

69 

3 • 4C667E-0 1 

3.27775E-21 

1 #058066-49 

2. 116UE-49 

70 

3*405 74 E-0 1 

1. 73366E-21 

5. 59625E-5C 

1.119256-49 

71 

3.4C4816-01 

2*248296-22 

7.257 49 F- 51 

1.4515CE-50 

72 

3. 403896-01 

1 .14384E-22 

3.69232E-5 1 

7.384646-51 

13 

3.4C256E-01 

1.42687E-23 

4. 60 594 E- 52 

9.211896-52 

74 

3* 40203E-0 1 

6.98285E-24 

2.25406E-52 

4.50813E-52 

75 

3*40111 E— 0 1 

8* 37898E — 25 

2.7C473E-53 

5.409 47E-53 

76 

3.40018E-01 

3. 944416-25 

1.273 26E-5 3 

2.546516-53 

77 

3 • 399 26E-0 1 

4.55290E-25 

1.46968 E— 54 

2. 939366-54 

78 

3* 39833 E— 0 1 

2*061736-26 

6.65526E-55 

1.331056-54 

79 

3*35741 E-01 

2.28925E-27 

7 « 38971E-56 

1 .477946-55 

80 

3 • 39649E— 0 1 

9.97232E— 28 

3*2 1907 E— 5 6 

6.438136-56 

81 

3 • 39556E— 01 

1.06518E-28 

3.43 83 9E- 5 7 

6.876776-57 

82 

3.3S464E-01 

4* 46365E— 29 

1 • 44087E- 5 7 

2 .88173E-57 

€ 3 

3*393726-01 

4.586546-30 

1.480546-58 

2.961076-50 

84 

3.392806-01 

1 • 64896E-30 

5*968446-59 

1.19369E-58 

85 

3.3918EE-01 

1.82767E-31 

5.89973E-6C 

1 .17995E-59 

86 

3 • 3909 6 E-01 

7.087946-32 

2*28 799 E-6 0 

4.57597E-6C 

87 

3 • 39004 E—0 1 

6. 74020E-33 

2. 17574E-61 

4.3 5 1 4 7 E— 6 1 

88 

3 *3891 2 E-0 1 

2.51466E-33 

8. 11 732E-62 

1 .623466-61 

39 

3 • 38820E-0 1 

2.30049E-34 

7* 42597E-63 

1.4851SE-62 

90 

3*3872 8 E— 01 

B.25688E-35 

2.66532E-63 

5.33064E-63 

91 

3 • 3 86 36E-0 1 

7.26690E-36 

2. 34576E-64 

4.6915 1 E-6 4 

92 

3 • 38544 E-0 1 

2.50923E-36 

8. C9980E-65 

1.619966-64 

93 

3*384 5 3 E-0 1 

2 • 1 24 57E-3 7 

6.85811E-66 

1.371 62E-6 5 

94 

3.383616-01 

7.057686-38 

2* 2 7822 E-66 

4.556446-66 

95 

3.362696-01 

5 • 74903E— 39 

1* 855 7 9E-6 7 

3. 71157E-67 

96 

3.36178E-01 

1.83734E-39 

5.93C93E-68 

1.18619E-67 

97 

3 • 38086 E-0 1 

1.439896-40 

4 • 64 795 E- 69 

9.295906-69 

58 

3 • 3 7995E— 0 1 

4.42722E-41 

1*42911 E- 69 

2.85821 E-69 

99 

3 • 3 790 4 E-0 1 

3 • 33 795E-42 

1*07749 E-7C 

2.154986-70 

100 

3* 378 12 E-0 1 

9.87402E-43 

3.187 33E-7 1 

6.3746 7E-71 

101 

3 • 3772 1 E— 01 

7.162366-44 

2.31201E-72 

4.62402E-72 

102 

3.37630E-01 

2.03839E-44 

6*57 99 IE- 73 

1.31598E-72 
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TABLE E13.- DIEEEBENTIAL BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 
ON THE V = 0 -» 1 RAMAN VIBRATIONAL TRANSITION OF 0 £ . AJ = +2 


J 

GO 

Normalized 
cross section 
AJ * +2 

d<P, . 

§«»>• 

0 

3.67070E-01 

1. R4157E-02 

3. 76785E— 33 

7 .53 57 0E-33 

l 

3.67146E-01 

0. 

0. 

0. 

2 

3.67222E-01 

4. 53569E-02 

9. 28003E-33 

1 • 8560 IE-32 

3 

3.67298F-01 

0. 

0. 

0. 

4 

3. 673736-01 

6. 54001F-02 

1. 33809F-32 

2.67617E— 32 

5 

3 • 6 7447E-0 l 

0. 

0. 

0. 

6 

3.67521E-01 

7. 677 956-02 

1. 5709LE-32 

3.14182 E— 32 

7 

3 .67595E-01 

0. 

0. 

0. 

B 

3.67669F-01 

7.90577E-02 

1.6 17526-32 

3. 23504E-32 

9 

3.67742E-01 

0. 

0. 

0. 

10 

3.67814F-01 

7. 35558F-0? 

L • 50495 E- 32 

3.009906-32 

1 1 

3.67B87F-01 

0. 

0. 

0. 

12 

3.6 7959 F-C) 1 

6. 27772F-0? 

i. 284426-32 

2. 56 8856 -32 

13 

3. 6 80 306- 0 1 

0. 

3- 

0. 

14 

3.681 3 1 E - 0 1 

4.957666-02 

1. 014346-32 

2.02868E-32 

15 

3.681 72F-01 

0. 

0. 

0. 

16 

3.682426-0 l 

3. 642696-02 

7. 45294E-33 

1 .49059E-32 

17 

3.683126-0 1 

0. 

0. 

0. 

18 

3.6P381F-01 

2. 4994 1 6 — 02 

1 13796-33 

1 .022766-32 

19 

3.6 84 50 F- 0 1 

0. 

J . 

0. 

23 

3.68519F-01 

1 .605656-02 

3.285 16E-33 

6.57032E-33 

21 

3.6R537F-01 

0. 

0 * 

0. 

22 

3.68655F-J1 

9.67577E-03 

1.9 7966E- 33 

3.95933E-33 

23 

3 ; 6 37 2 3 T - 0 1 

0. 

0. 

0 . 

24 

3.687 90 f - 0 l 

5.47726F-03 

1. 12065F-33 

2.24130E-33 

25 

3.68856F-01 

0. 

0. 

0. 

26 

3.6 392 3 F- 0 1 

2.915846-0i 

5. 96581E-34 

1 .193166-33 

27 

3.6893RF-01 

0. 

J. 

0 ; 

28 

3.69054E-0 i 

1 . 46 i 0 5E - 0 3 

2- 9893 16-34 

5.97862 E-3 4 

29 

3.691 L9E-01 

0. 

3. 

0. 

30 

3.69183F-U1 

6. 895 5 tiF - 0 + 

1 . 4 L084F-34 

2.82167E-34 

31 

3. 6 92 48 F- 01 

0. 

0. 

0. 

3? 

3.6931 LF-Ol 

3.067106-04 

S. 27530F-35 

1.255066-34 

33 

3.69376F-01 

0. 

0 . 

0. 

34 

3.69438F-UI 

1 .23630^-04 

2. 6 3 1776-35 

5.26354E-35 

35 

3.695 OOf-O 1 

0. 

3. 

0. 

36 

3,695526-01 

5.08841 05 

1. 04J 096-35 

2. 082186-35 

37 

3. 6 5 6 ? 4 E- 0 1 

0. 

3. 

0. 

38 

3.69635F-01 

1 . RQ929F-05 

3. 885966-36 

7.77191E-36 

39 

3.69746F-01 

o« 

0* 

0. 

40 

3.69807F-01 

6. 691 066-05 

l. 36899E-36 

2*74798 E— 3 6 

4! 

3.69857F-01 

0. 

0. 

0. 

42 

3*6°9?7F-01 

2.225346-05 

♦ . 55304F-37 

9. 1 0609E-37 

43 

3.69936F-U1 

0. 

0. 

0. 

44 

3.70045F-01 

0. 93 -1 54 F - 07 

1.4298 5 E- 3 7 

2.8597 IE-37 

45 

3. 7 0103F-01 

0. 

3. 

0. 

46 

3.70141 F-01 

2.07274F-07 

*♦. 240826-38 

8.4B165E-38 

47 

3.7 02 l 9F- 0 1 

0 . 

J . 

0. 

4 8 

3.702 76 F. - 01 

5.80*^856-08 

1. 188086-38 

2.3/4166-38 

49 

3. 70 3 33 F-01 

0. 

3 * 

0. 

53 

3 • 7 0 3 3 9 F - 0 1 

1 . 53fj66F-03 

3. 144426-39 

6.288846-39 



TABLE E13.- (Gont'd) 


J 

\ (n) 

Normalized 
cross section 
AT =* +2 

dq>, . 

d«P, . 

dST (to) " 

5 i 

3.70445E-01 

0. 

ti. 

0. 

5 ? 

3.70501E-01 

3. 84311E-09 

7. 86300E-40 

1.57260E-39 

53 

3.70556E-01 

0. 

0. 

0. 

54 

3*7 06 1 OE-0 1 

9. 08 095 E- 10 

1.85796E-40 

3.71 593 E-40 

55 

3.70665E-01 

0. 

0. 

0. 

56 

3.70719F-01 

2.027 80E- 1 0 

4. 14887E-41 

8 . 29 774E-4 1 

57 

3.70772E-01 

0. 

0. 

0. 

58 

3.70825F-01 

4.2795 7E— 1 1 

8. 7560 OE-42 

1. 75 120 E -41 

59 

3.70878E-01 

0. 

0. 

0. 

63 

3*7 09 30 t-Q 1 

8. 53676E-12 

U 74662E-4? 

3.49324E-42 

61 

3.70932F-01 

0. 

J. 

0. 

6? 

3.71033G-01 

1 • 60967E- 1 2 

3. 29338E-43 

6. 58675E-43 

63 

3^ 71 034E-01 

0. 

J. 

0. 

64 

3.71134E-01 

2.86917E-13 

5. 87031E-44 

1. 17406E-43 

65 

3.711 84F-01 

0. 

0. 

0. 

66 

3.712 34 E—0 1 

4 • 8348 1 E -1 4 

9. 8 9 202 E- 45 

1.97840E“44 

67 

3.7 12 83E-Q 1 

0. 

0. 

0. 

68 

3.71 337E-01 

7 • 702 4 7 E- 1 5 

1. 57593E-45 

3.1518 5E-4 5 

69 

3.7 1381F-01 

0. 

0. 

0. 

70 

3.71428F-01 

1 . 16019E-15 

2. 37375F-46 

4.7475 1 E-46 

71 

3.71476F-01 

0. 

0. 

0. 

7? 

3.71523 E- 01 

1.65234E-16 

3. 38068E-47 

6.76136E-47 

73 

3.715 70F-0L 

0. 

0. 

0. 

74 

3.71616E-01 

2. 22 5 1 2E - 1 7 

4. 55260E-48 

9. 10521E-48 

75 

3.71 662 E-G 1 

0. 

0. 

0. 

76 

3. 71 7Q7E-01 

2. 83 3 44E- i 8 

5. 7972 IE-49 

1.15944E-48 

77 

3.71 752F-01 

0. 

0. 

0. 

78 

3.71 797E-0 1 

3.41187E-19 

6. 98069F-50 

1 • 396 14E-49 

79 

3.71841 E- 0 ] 

0. 

0. 

0. 

80 

3.71R85F-01 

3.8851 3E-20 

7.94098F-5I 

1 .58980E-50 

81 

3.71928F-01 

0. 

0 . 

0. 

R? 

3.71971 E~ 01 

4. 18375E-21 

b. 55995E-52 

1.711 99 E“5 1 

83 

3. 720L3F-01 

0. 

0. 

0. 

R 4 

3.72055F-01 

4. 26J74E-22 

d. 7 1 7 4 8F- 5 3 

1 . 743 50E-52 

R 5 

3.72097F-01 

G. 

0. 

0. 

86 

3.721 30F-O1 

4. 10371F-23 

3. 3961 8 f . - 5 4 

1 .679?4E“63 

87 

3.721 79E-01 

0. 

0. 

0. 

fl 8 

3.72219F-01 

3. 73808E-2+ 

7. 648 12 E— 55 

1 .52962E-54 

89 

3.72259F-01 

0. 

0. 

0. 

90 

3. 72298E-01 

3.22043E-25 

6. 58900F-56 

1.31780E-55 

9 1 

3. 723 3 7F-01 

0. 

0. 

0. 

9? 

3.723 76E-01 

2.624L0F-25 

5. 36390F.-57 

1.07378 F. - 56 

93 

3.72414E-01 

0. 

0. 

0. 

94 

3.72452E-0I 

2 • 022 3 5E-? 7 

4. 1 37 72 E- 58 

Q.27544E-58 

95 

3. 72489F-01 

0 . 

0 . 

0 . 

96 

3.72526E-01 

1 .47418E-23 

3.01617E-59 

6.032 34 E“5 9 

97 

3.72563F-01 

0 . 

0 . 

0 . 

98 

3U72599E-01 

1. 01641E-29 

2. 07958E-60 

4.15917E-60 

99 

3.726 34 F — Q l 

0 . 

0 . 

0 . 

100 

3. 72669E-01 

6 • 62 8 6 4 E - 3 L 

1. 35622E-61 

2 • 7 1 2 44 E-6 1 
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TABLE El4.- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 
ON THE v ■ 0 -* 1 RAMAN VIBRATIONAL TRANSITION OF Og. AJ = -2 




Normalized 

S (co)i 


J 

\ 0-0 

cross section 
AT - -2 

2 

3*668396-01 

1.771266-02 

3*624006-33 

7.248006-33 

3 

3*667616-0 1 

0. 

0. 

0. . 

4 

3*666836-01 

4.141886-02 

8*474286-33 

1 • 69486E— 32 

5 

3.66604E-01 

0. 

0. 

0* 

6 

3*66525E-01 

5.670116-02 

1.160106-32 

2.3202 IE-32 

7 

3.664466-01 

0. 

0. 

0. 

8 

3* 66366E-0 1 

6.320006-02 

1.293076-32 

2* 58614E-32 

9 

3.66286E-01 

0. 

0. 

0. 

10 

3.66206E-01 

6.178386-02 

1.264106-32 

2.52819E-32 

IX 

3*6612 5E-0 1 

0. 

0. 

0. 

12 

3.66043E— 01 

5* 45766E-02 

1. 11664E-32 

2*233276-32 

13 

3*659626-01 

0. 

0* 

0. 

14 

3.65880E-01 

4.422336-02 

9.048086-33 

1 • 80962E— 32 

15 

3 *6579 76- 0 1 

0. 

0. 

0. 

16 

3* 6571 4 E- 01 

3.31577 E— 02 

6.784066-33 

1 • 3568 IE — 32 

17 

3* 6563 IE-01 

0. 

0. 

0* 

18 

3.65547E-01 

2*313066-02 

4.73253E-33 

9.46506E— 33 
0. 

19 

3 *6 54636—0 l 

0. 

0. 

20 

3*653796-01 

1* 50682E-02 

3.08296E— 33 

6. 1659 IE— 33 

21 

3.65294E-01 

0. 

0. 

0. 

22 

3* 652096-01 

9. 19037E-03 

1 • 88035E— 33 

3 * 76070E— 33 

23 

3.651246-01 

0. 

0 . 

0 . 

24 

3.650386-01 

5.25806E-03 

1 • 07580E— 33 

2.151606-33 

25 

3.649516-01 

0 . 

0 . 

0 . 

26 

3. 648656-01 

2 . 82 593E-03 

5.78 1 85E— 34 

1.1 5637E— 33 

27 

3.647786-01 

0 . 

0 . 

0 . 

28 

3.64690E-01 

1.42830E-03 

2.92230E-34 

5. 84460E-34 

29 

3. 646026-01 

0 . 

0 . 

0 . 

30 

3 - 64 5 1 4E-0 1 

6.794826-04 

1.390226-34 

2.78044E— 34 

31 

3 *644266-01 

0 . 

0 . 

0 . 

32 

3.643376-01 

3.044676-04 

6. 22940E— 35 

1.24588E-34 

33 

3.642476-01 

0 . 

0 . 

0 . 

34 

3.641586-01 

1.285746-04 

2.630636-35 

5.26127E-35 

35 

3.640686-01 

0 . 

0 . 

0 . 

36 

3.639776-01 

5. 119466-05 

1.04744E— 35 

2.09488E-35 

37 

3.638866-01 

0 . 

0 . 

0 . 

38 

3.637956-01 

1 • 922 74E-05 

3.93392E— 36 

7.867 0 56—36 

39 

3 • 63704E- 0 1 

0 . 

0 . 

0 * 

40 

3.636126-01 

6.813756-06 

1 • 39409E- 36 

2.78819E-36 

41 

3* 6351 9E-01 

0 . 

0 . 

0 . ' 

42 

3.634276-01 

2.279006-06 

4.66283E-37 

9. 32566E— 37 

43 

3.63334E-01 

0 . 

0 . 

0 . 

44 

3.63240E-01 

7.19615E-07 

1.472336-37 

2 .944666—37 

45 

3*6314 7E-01 

0 . 

0 . 

0 . 

46 

3. 63052E— 01 

2. 145586-07 

4.389856-38 

8*779716-38 

47 

3.62958E-01 

0 . 

0 . 

0* 

48 

3.62 86 36*- 01 

6 • 04 1 66 E— 08 

1. 236126-38 

2.472256-38 

49 

3*627686-01 

0 . 

0 . 

0. 

50 

3.62672E-01 

1.60696E— 08 

3.28784E— 39 

6 • 5 7569E — 39 

51 

3.62 576E- 01 

0. 

0 . 

0 * 

52 

3. 624806-01 

4.037886-09 

8.26150E-40 

1.65230E-39 


TABLE El4.- (Cont *d) 




Normalized 

gw- 1 - 


J 

\ (4) 

cross section 
AT * -2 

53 

3.62383E-01 

0. 

0. 

0 . 

54 

3.62286E-01 

9.586356-10 

1*961376-40 

3.922736-40 

55 

3.62189E-0L 

0. 

0* 

0 . 

56 

3.62091E-01 

2. 150576-10 

4* 400076— 41 

8. 800146-41 

57 

3.61993E-01 

0. 

0. 

0. 

58 

3.618946-01 

4* 5 5930E- 1 1 

9.328326-42 

1.86566E-41 

59 

3.61795E-01 

0. 

0. 

0. 

60 

3. 616966-01 

9. 135336-12 

1.869096-42 

3.738186-42 

61 

3. 615976-01 

0. 

0. 

0. 

62 

3.614976-01 

1 • 73009E- 12 

3.539766-43 

7.079526-43 

63 

3.613966-01 

0* 

0. 

0. 

64 

3.61296E-01 

3*0971 3E- 13 

6* 336746-44 

1.267356-43 

65 

3*61 195E-01 

0. 

0. 

0. 

66 

3.610936-01 

5.241 18E-14 

1.072346-44 

2.144696-44 

67 

3.6O992E-01 

0. 

0. 

0. 

68 

3.60890E-01 

8* 38496E- 15 

1. 71556E-45 

3.431126-45 

69 

3.60787E-01 

0. 

0. 

0. 

70 

3.60684E-01 

1* 26823E-15 

2 . 5948 1 E— 46 

5 . 1896 IE— 46 

71 

3*6056 16-01 

0. 

0. 

0. 

72 

3.60478E-01 

1.81 362E- 16 

3.71066E-47 

7.421336-47 

73 

3.60374E-01 

0. 

0. 

0. 

74 

3*602706—01 

2 .45223 E— 1 7 

5.01 726 E— 48 

1.00345E-47 

75 

3*60 1 65E-01 

0. 

0. 

0. 

76 

3 • 60060 E— 01 

4* 13518E-18 

6.414576-49 

1.2 829 IE-48 

77 

3 *599556-01 

0. 

0. 

0. 

78 

3*598496-01 

3* 79024E- 19 

7.754836-50 

1.550976-49 

79 

3 • 59743E-0 1 

0* 

0. 

0. 

80 

3* 59637E- 0 1 

4* 33301E-20 

H. 865346-51 

1 .773076-50 

81 

3* 5953 IE-01 

0. 

0. 

0. 

82 

3.594246-01 

4. 68431 E— 2 l 

9.584106-52 

1.916826-51 

83 

3 • 59 316E-01 

0* 

0. 

0. 

84 

3.59209E-01 

4.78904E-22 

9.798376-53 

1.959676-52 

85 

3*5910 1E-0 1 

0. 

0. 

0. 

86 

3 . 58992E-0 1 

4* 6303 1 E-23 

9.473616-54 

1.89472E-53 

87 

3.588846-01 

0. 

0. 

0. 

88 

3.56775E-01 

4.23391E-24 

8. 662586-55 

1.73252E-54 

89 

3* 58665E-0 1 

0. 

0. 

0. 

90 

3 • 58 556E-0 l 

3* 66146E— 25 

7.491346-56 

1.49827E-55 

91 

3 • 58446 E-01 

0. 

0. 

0. 

92 

3.58335E-01 

2 • 99473E-26 

6. 127226-57 

1.225446-56 

93 

3 • 58224E-0 1 

0. 

0. 

0. 

94 

3*5811 3E-0 1 

2* 31666E-27 

4. 739886-58 

9. 479776-58 

95 

3 * 58002E-0 1 

0. 

0. 

0. 

96 

3.57890E-01 

1.695O2E-20 

3.46802E-59 

6.936036-59 

97 

3.57778E-01 

0. 

0. 

0. 

98 

3* 57666E-0 1 

1*17 302E— 29 

2 « 40000E-60 

4.800016-60 

99 

3.57553E-01 

0* 

0 . 

0 « 

100 

3*574406-01 

7.6 7825E-31 

1.570976-61 

3.14194E-61 

101 

3*5732 7E-0 1 

0. 

0 . 

0 . 

102 

3.57213E-01 

4* 75391E— 32 

9.726496-63 

1 .9453 OE-62 
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TABLE3 E15.- DIFFERENTIAL BACKSCATTER CROSS SECTIONS FOR ROTATIONAL FINE STRUCTURE 
ON THE v = 0 1 RAMAN VIBRATIONAL TRANSITION OF N 2 - AT = +2 


J 

Mm) 

. Normalized 
cross section 
AJ * +2 

<*p, . 
d 

S<w- 

3 

3*77880E-01 

1.715740-02 

2 • 1 8070E-33 

4. 361400-33 

l 

3*779930-0 l 

1* 512960-02 

1.92297E-33 

3.84593E— 33 

2 

3*781050-01 

4. 154 750-02 

5 • 28069E- 33 

1 • 05614E-32 

3 

3.782176-01 

2. 538980-02 

i. 22705E-33 

6. 454090-33 

4 

3*783280-01 

5. 764010-02 

7. 32606E-33 

1 . 4652 IE-32 

5 

3.78439E-01 

3.09756E— 02 

3*9 3700E- 33 

7 • 874006—33 

6 

3.785500-01 

6.371500-0? 

8.098180-33 

1 . 61 964E-3 2 

7 

3*7 8659F-01 

3.155390-02 

4. 01050E— 33 

8.02101E-33 

B 

3* 787690-0 1 

6. 045010-02 

7.68321 E— 33 

1 • 53664E-32 

9 

3*788 7 8 E- 01 

2.80811E-02 

3.56910E-33 

7.13820E-33 

10 

3* 7 8986E- G 1 

5.071440-02 

6.445810-33 

1.289160-32 

II 

3*7 9094E- 0 1 

2.229000-02 

2. 83305E-33 

5.66611E-33 

12 

3.7 9? 0? F-0 1 

3.8193 10-02 

4. 85435E-33 

9.70869E-33 

13 

3*793 09F - 0 1 

1 . 596050-02 

2.02R57E-33 

4. 05 715 E- 33 

14 

3.794150-01 

2.60455E-02 

3.3 1039E-33 

6.620780-33 

15 

3. 79521E-01 

1.03799C-Q2 

1. 31928F-33 

2.63857E-33 

15 

3.79677F-01 

1.617180-02 

2. 055430-33 

4.110870-33 

17 

3.797320-01 

6. 1 53710-01 

7 . 82772E-34 

l • 56 5 54E-3 3 

18 

3.798370-01 

9. 176110-03 

1. 166280-33 

2.332570-33 

19 

3.799410-0 L 

3. 344050-Oi. 

4. 250290-34 

8 . 50059 E- 34 

20 

3 . 8 00 4 5F - 0 1 

4. 770490-03 

6.0 632 9E — 34 

1.212666-33 

?\ 

3.301480-01 

l.t>6'5 34F-03 

2. 116660-34 

4.233290-34 

22 

3.802510-01 

2. 276640-3 3 

2.89361 E~ 34 

5.787230-34 

2 3 

3.8035 3 E- 01 

7.613 8 9E-04 

9.6Q360E-35 

1.936 72E-34 

24 

3.8 04 54 F— 0 1 

9..9870 3E-3 4 

l . 26947F-34 

2. 538930-34 

25 

3. 305560-01 

3. 2061 5E-04 

4 . 075010-35 

8. 15003E-35 

25 

3.306501; - 0 1 

4.032600-04 

6. 125430-35 

1 .025090-34 

27 

3.807570-01 

1 . 24224E-34 

U 578880-35 

3.157760-36 

28 

3.808570-0 1 

1 .499690-04 

1. 906100-35 

3 . 8 L 220E-3 5 

29 

3.309560-0 1 

4 . 4 3 4 9 7 E — 3 2 

6. 63685E— 36 

1. 127370-35 

30 

3.810550-01 

6. 140760-05 

6. 5 3390E-36 

1 .306780-35 

31 

3.31 1530-01 

1 .459830-03 

1 .855510-36 

3.71 1020-36 

32 

3.8 125 IE-01 

1.625210-35 

2. 065650-36 

4.131290-36 

33 

3.813480-01 

4.43312F-06 

5. 634490-37 

l . 12690F-36 

34 

3.814450-01 

4. 740850-05 

J.02562E-37 

1.20512 E-36 

35 

3.3 1541F-01 

1. 242370-05 

1. 57905F-37 

3. 1501 LE-37 

36 

3.816170-01 

1 . 27t>54F-U6 

1. 622480-37 

3.244960-37 

37 

3.8 17 120-02 

3. 214 4 10 — 07 

4. 09551F-38 

8. 1/1020-38 

38 

3.818 ’70-01 

3. 1 738 6E-07 

4. 033980-38 

8.067960-38 

39 

3.319220-01 

7.680610-08 

9.7619 3F-39 

1.952390-38 

40 

3.82015E-01 

7. 288540-0.1 

i. 263740-39 

l. 852756-38 

41 

3 .821 090-0 1 

1.69526E-03 

2. 1 54660-39 

4.309316-39 

42 

3.822020-01 

l. 546310-33 

1.9 65 36F-39 

3.930736-39 

43 

3.82294F-01 

3. 45 7 ? IF -09 

4. 394120-40 

8 • 788246—40 

44 

3.823 86F-01 

3. 03L44F-09 

3. 852960-40 

7.705 92 E-40 

45 

3.824 77F-01 

6.515620-10 

<1. 281 35E-41 

1 .656270-40 

46 

3.825480-01 

5 • 492 66E-1 3 

6.981 04E -4 1 

1. 39621E-40 

47 

3.326580-01 

1. 135000-10 

1.442580-41 

2.8851 6 E-4 1 

43 

3.827 43F-0 1 

9.19907E-11 

1. 169200-41 

2.338400-41 

49 

3.82817F — OL 

1. 827720-11 

2. 323030-42 

4 • 646 06^6— 4 2 

50 

3. 8 2 9 2 6 F — 0 1 

1. 42435F-1 1 

1 . 81035F-4? 

3. 620710-42 



TABIZ E15 


(Cont'd) 


V j 

KM 

Normalized 
cross section 
AT - +2 


S 4 -)- 

51 

3. 830146-01 

2.721176-12 

3.4586 IE— 43 

~6.91722E— 43 

52 

3.83102E-01 

2.03916E-I2 

2. 591 77E-43 

5.18354E-43 

53 

3.831 90 E-OL 

3. 746 17E— 13 

4.76138E-44 

9. 522 75E-44 

5* 

3.83276E-01 

2. 69954E-1 3 

3. 431 12 E— 44 

6.86224E-44 

55 

3.83363E-01 

4. 7692 IE- 14 

6.06167E-45 

1.21233E-44 

56 

3.83448E-01 

3. 30507E-14 

4.20074E-45 

8.40148E-45 

* 57 

3. 8 3534E-01 

5. 61 535E- 15 

7. 1 37 10E-46 

1 • 42742 E-45 

58 

3.83618E-01 

3 « 74248E-15 

4. 75669E-46 

9.51 338E-46 

59 

3 • 8 3703E-0 1 

6. 11523E-L6 

7 • 77246E-47 

L • 55449E— 46 

68 

3.83786E-01 

3. 9197QE- 16 

4 .9 8204E-47 

9.96408 E-47 

61 

3. 83869E-0 1 

6. 160 1 2E-1 7 

7 . 82951 E-48 

1.56590E-47 

6? 

3.83952E-01 

3.79768E-17 

4. 82686E-48 

9. 653 71 E-48 

63 

3. 84034E-0 1 

5.74030E-18 

7.29592E-49 

1 • 459 1 8E-48 

66 

*.841 16E-01 

3. 40377E- 18 

4.3 26 19E-49 

8 • 65237 E-49 

65 

3.84197E-01 

4.94B54E-19 

6.28960E-50 

1.25 792 E-49 

> 66 

3.84? 78E-0 i 

2.822356-19 

3. 5872 0E— 50 

7.1 7440 E— 50 

67 

3.84358F-01 

3.94677E-20 

5 • 0 1634E- 51 

1.00327E-50 

68 

3.84437E-01 

2. 16518E-23 

2.75I94E-51 

5 • 50389 E-5 1 

69 

3.84516E-01 

2.91239E-21 

3.70165E-52 

7 • 40330E-52 

70 

3.84595 E-0 1 

1 . 53685E-2 1 

1.95334E-52 

3.90668E-52 

71 

3.846 73E-01 

1. 98849E-22 

2. 52737E-53 

5 .05475 E-53 

72 

3.84750E-01 

1.00936E-22 

1 • 28290E- 53 

2. 56579E-53 

73 

3. 84827E— 0 l 

1.25627E-23 

1. 59671E-54 

3.19343E-54 

76 

3. 84904E-01 

6.1341 2E-24 

7. 79647E-55 

l • 55929E-54 

75 

3.84930E-01 

7.344146-25 

9.3 3440E— 56 

1 • 86688E-55 

76 

3. 85055E-01 

3.44960E-25 

4. 38444E-56 

8. 76888 E-56 

77 

3.851 30E-01 

3.97300E-25 

5.04968E-57 

1 • 00994E-56 

78 

3.85204E-01 

1.79519E-25 

2. 281696-57 

4.56338E-57 

79 

3.85278E-01 

1.98897E-27 

2. 52798E-58 

5. 05596E-5 8 

80 

3.85351 E-01 

8 • 645 54E-2 8 

1 • 0988 5E-58 

2* 19770E-58 

81 

3.85424E-01 

9 . 21 478E-29 

1. 17120E-59 

2 • 34240E-59 

82 

3.85496E-01 

3. 853256-29 

4. 89748E-60 

9 • 79496 E-60 

83 

3.85568E-01 

3. 95095E-30 

5.021 65 E-61 

1.00433 E-60 

86 

3.856 59E-01 

i • 58938E-30 

2. 02010E-61 

4 • 04020E-6 I 

85 

3.R5710E-01 

1.56779E-31 

1.99267E-62 

3.98533E-62 

86 

3.857806-01 

6.06744E-32 

7.71 1 72E-63 

1 • 542 34E-62 

87 

3.B5849E-01 

5 • 75 784E-3 3 

7.3182 IE-64 

1.46 364 E-63 

88 

3 • B 59 18E-0 l 

2. 14374E-33 

2. 72469E-64 

5 « 44938 E-64 

89 

3.B5987E-01 

1.957 14E-34 

2. 487536-65 

4 . 97 506E-6 5 

90 

3 • B 60 55 E- 01 

7.01027E-35 

8.9L005E-66 

1.78201 E— 65 

91 

3. 861 22 E- 0 1 

6. 157286-36 

7 • 82590E-67 

1.5651 8E-66 

92 

3.861896-01 

2. 12181 E-36 

2 . 69682E-67 

5.39363E-67 

93 

3.06756E-O1 

1. 79294E-3 7 . 

2. 27883E-68 

4.5 5 766 E-6 8 

94 

3 • 86321 E-0 1 

5. 944 19E-38 

7.55507E-69 

1.5110 1 E-68 

95 

3 • 86387E-0 1 

4.832426-39 

6. 14201E-70 

1 .22840 E— 69 

96 

3 • B 64 5? E-0 1 

1.54136E-39 

1 • 95907E- 70 

3.91814E-70 

97 

3.B6516E-01 

1.20557E-40 

1.53228E-71 

3. 064 55 E-7 1 

98 

3.B6579F-01 

3 .?»99 54E - 41 

4. 70212E-72 

9.40424E-72 

99 

3.R6643E-01 

2. 78 190E-42 

i. 53834E-73 

7.07 66 BE- 73 

100 

3.B6705E-0L 

8.21921E-43 

i. 04466E-73 

2.08933 E-7 3 
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TABLE El6.- DIFFERENTIAL BACKSCA3TER CROSS SECTIONS FDR ROTATIONAL FINE STRUCTURE 
ON THE v = 0 — > 1 RAMAN VIBRATIONAL TRANSITION OF Ng. AJ = -2 


J 

K (n) 

Normalized 
cross section 
AJ - -2 



2 

3. 77539E-01 

1.625446-02 

2. 06 5946-33 

4.* 131886—33 

3 

3. 774256-01 

1.38260E-02 

1.757286-33 

3* 51456E — 33 

4 

3. 7731 06-01 

3 • 66237 E— 02 

.4. 65487E— 33 

9.30975E-33 

5 

3.77194E-01 

2*1 5B86E-02 

2. 743916-33 

5.48783E-33 

6 

3.770786-01 

4 • 72 757E-02 

6 . 008 74 E-33 

1.2 0175E-32 

7 

3. 76962E-01 

2» 45064E-02 

3.114776-33 

6.229546-33 

8 

3.76845E-01 

4.86239E-02 

6.180106-33 

1.23602E-32 

9 

3 * 76728E-0 1 

2*322796—02 

2.952266-33 

5.90452E-33 

10 

3.76610E-01 

4.29241E-02 

5.455656-33 

1.0911 3E— 32 

11 

3.764926-01 

1.923386-0 2 

2.444 61E-33 

4. 88923E -33 

12 

3.76373E-01 

3* 35066E-02 

4.25869E-33 

8.51738E— 33 

13 

3.76254E-01 

1.42055E-0 2 

I.Q0552E-33 

3.61103E-33 

14 

3.761346-01 

2. 347906-02 

2.98418E-33 

5.968366-33 

15 

3.760146-01 

9.46426E-03 

1 .20291E-33 

2 . 405816-33 

16 

3.75894E-01 

1.489786-02 

1.89351E-33 

3.787026-33 

17 

3.7577 3E-0 1 

5. 727026-03 

7.27904E-34 

1 .455816-33 

18 

3.75651 E-Ol 

8.60679E-03 

L .093926-33 

2.1 87856-33 

19 , 

3. 75530E-01 

3.16170E-03 

4.01852E-34 

8.03703E— 34 

20 

3. 754076-01 

4.54398E-03 

5.77540E-34 

1.155086-33 

21 

3.75284E-01 

1 • 59734E-03 

2.0302 26— 34 

4.06044E-34 

22 

3.7S161E-01 

2. 19803E-03 

2.79370E-34 

5. 5874 OE- 34 

23 

3. 75038E-0X 

7.401526-04 

9 . 40734E— 35 

1.88147E-34 

24 

3.74914E-01 

9. 76023E-Q4 

1. 240526-34 

2.4BL05E-34 

25 

3.747 8 9E— 0 1 

3.150676-04 

4.00450E-35 

8. 00900E- 35 

26 

3. 74664E-0 l 

3.98413E-04 

5 . 06383 E— 35 

L. 012776-34 

27 

3* 74539E-01 

1.23364E-04 

1 • 56795E— 35 

3. 13 59 1 E — 35 

28 

3.74413E-01 

1.49670E-04 

1.902316-35 

3.804626-35 

29 

3 • 7428 6E- 0 l 

4.44734E-05 

5. 652586-36 

1.130526-35 

30 

3*74 1 60E-0 1 

5. 17B97E-05 

6.582476-36 

1.316496-35 

31 

3. 74033E-01 

1.477346-05 

1.877706-36 

3 • 75 5 39E-36 

32 

3 « 7390 5E-0 1 

1.651826-05 

2.099466-36 

4.198916-36 

33 

3. 73777E-01 

4.52479E-06 

5.751006-37 

1.150206-36 

34 

3.736486-01 

4.85888 E-06 

6. 175646-37 

1.235136-36 

35 

3. 735206-01 

1.278446-06 

t. 624906-37 

3.249806— 3 7 

36 

3. 73390E-0 1 

1. 318786-06 

1.6761 7E— 37 

3.352346-37 

37 

3. 732606-01 

3 . 33 360E-07 

4 • 23700E- 38 

8.474006-38 

38 

3 • 73 1 30E-0 1 

3.304006-07 

4. 199396—38 

8.398786-38 

39 

3 « 73000E-0 1 

8.02513E-08 

1 .019996-38 

2 • 03999E- 38 

40 

3 • 72 868 E— 0 1 

7 • 64335 E-08 

9.714706-39 

1.942946-38 

41 

3.72737E-01 

1.784156-08 

2.26765E-39 

4.535306-39 

42 

3.72605E-01 

1 .633156-08 

2.075736-39 

4.151466-39 

43 

3. 72473E-0 1 

3.66405t— 09 

4.65701 E-40 

9.31402E-40 

44 

3 • 72 340E— 0 1 

3.223826-09 

4.097476-40 

8. 19494E-40 

45 

3.722076-01 

6.95253E— 10 

8 • B3666E— 41 

1.767336-40 

46 

3.72073E-01 

5*880436-10 

7 . 47403E— 41 

1.494816-40 

47 

3.71 9396-0 1 

1.21916E-10 

1.549556-41 

3. 099096-41 

48 

3.71 805E- 0 1 

9.91337E— 1 1 

1.25999E-41 

2.5 L 998E-41 

49 

3*716706-01 

1.97599E-11 

2.51 1 48E-42 

5.022966-4 2 

50 

3.71 534E-0 1 

1 • 5448 1 E— 1 1 

1 • 96346E— 42 

3.926926-42 

51 

3*71 399E-0 1 

2. 96063E- 12 

3.762966-43 

7.52592E-43 

52 

3.71263E-01 

2.22554E-12 

2.82866E-43 

5 .657 32E-43 
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J 

' Mu) 

TABLE El6.- 

Normalized 
cross section 
AJ - -2 

(Cont'd) 

s«« 

53 

3* 7112 6E-0 1 

4. 10124E-13 

5* 212686—44 

1 * Q4254E— 43 

54 

3 • 70989E-0 1 

2.96450E-13 

3 • 767886—44 

7.53577E-44 

55 

3.70852E-01 

5 • 253276- 14 

6*67691 E-45 

1 *335 3 86-44 

56 

3* 70 7 1 4E-0 1 

3 *651536- 14 

4* 64109E-45 

9*282196-45 

57 

3.70576E-01 

6*222606-15 

7.90893E-46 

1.581796-45 

. 58 

3.70437E-01 

4* 1 5956E— 15 

5.286806-46 

1.057366-45 

59 

3 • 70298E-0 1 

6*8 168 5E- 16 

8*664216-47 

1.732846-46 

60 

3* 701 59E-01 

4* 38235E-16 

5 • 56996 E— 47 

1.113996-46 

61 

3.70019E-01 

6*907186-17 

8* 77903E— 48 

1 * 75581E-47 

62 

3.69879E-01 

4*27060E- 17 

5.427946-48 

1.08559E-47 

63 

3.69738E-01 

6* 47376E- 18 

8* 2281 5E-49 

1. 645636-48 

64 

3.69597E-01 

3 • 84969E- 18 

4 * 8 929 6E — 49 

9*7859 IE — 49 

65 

3.69456E-01 

5.61282E-19 

7.13389E-50 

1*426786-49 

66 

3.69314E-01 

3*2 10296—19 

4*080286-50 

8.160576-50 

67 

3.69171E-01 

4*50 195E-2Q 

5*72 1986—5 1 

1. 144406-50 

68 

3.690296-01 

2.47669E-20 

3* 14788E- 51 

6- 2957 6E-5 1 

69 

3.68886E-01 

3*340736-21 

4.24607E-5? 

8.49214E-52 

70 

3.68742E-01 

1 • 76780E-21 

2*246876-52 

4. 493736-52 

71 

3.68598E-01 

2.29364E-22 

2 • 9 1 5 22E— 53 

5.83044E-53 

72 

3* 68454E-0 1 

1* 16747E-22 

1 *483856-53 

2.96771E-53 

73 

3.68310E-01 

1 • 45705 E- 23 

1 *851916—54 

3 . 703 8 IE -54 

74 

3.68165E-01 

7. 13398E-24 

9.067296-55 

1.81 346E-54 

75 

3*6801 9E-0 1 

8.56454E-25 

1* 08855E— 55 

2. 1771 IE-55 

76 

3.67873E-01 

4* 03377E-25 

5 • 12692 E-56 

1.02538E-55 

77 

3.67727E-01 

4 • 6 5B38E-26 

5* 92080E-57 

1*184166-56 

78 

3*67580 E- 01 

2*1 1056E— 26 

2.68253E— 57 

5.36505E-57 

79 

3* 67434E-0 1 

2.34467E-27 

2 • 98008E— 58 

5*960166-58 

80 

3.67286E-01 

1* 02 190E-27 

1 • 29884E-58 

2.59768E-58 

81 

3.67138E-01 

1 • 092 10E-28 

1.388066-59 

2.7761 1 E-59 

82 

3.66990E-01 

4* 57889E-29 

5. 81 977E—60 

1*163956-59 

83 

3.66842E-01 

4* 70745E— 30 

5*9831 7E— 61 

1.19663E-60 

84 

3.66693E-01 

1 • 89872E-30 

2.4132 BE— 6 1 

4.826566-61 

85 

3 • 66 544E-0 1 

1 • 87788E- 31 

2 • 38679E-62 

4* 773586-62 

86 

3* 66 394E-Q 1 

7.28665E-32 

9*26 1. 336— 63 

1.852276-62 

87 

3 - 66 244E-0 l 

6* 93300E — 33 

8*811 85E-64 

1*762376-63 

88 

3.66093E-01 

2 • 58803E-33 

3* 28939E-64 

6 o 5 7 87 86 — 64 

89 

3 • 6 594 3E-0 1 

2.36895E-34 

3.01 093 E — 65 

6.021 86E-65 

90 

3*6579 IE-01 

8 « 507436-35 

1*081296-65 

2.16259E-65 

91 

3 • 65640E-0 1 

7 * 49 1 70E-36 

9*521956-67 

1.904396-66 

92 

3.65488E-0L 

2* 588356-36 

3. 2 89 79E-67 

6.579596-67 

93 

3.65336E-01 

2. 19284E-37 

2.787 1 QE-68 

5.57420E-68 

94 

3*651 8 3E- 0 1 

7 • 28 876E- 38 

9* 26402E-69 

1*852806-68 

95 

3. 650306-01 

5.94079E-39 

7.55074E-70 

1* 51015E-69 

96 

3*648776-0 l 

1.89976E-39 

2*41 460E—70 

4.829196-70 

9? 

3 *6472 3E-0 1 

1 • 48970E— 40 

1 • 89341 E- 7 1 

3*786836-7 1 

98 

3* 645696-0 1 

4* 583 L8E-41 

5 • 82523 E— 72 

1*165056-71 

99 

3.644L4E-01 

3.457666-42 

4.39469E-73 

8. 78937E— 73 

100 

3 *6425 96-01 

1 » 02 345 E-42 

1 • 30080E-73 

2.601616-73 

101 

3*64 104E-0 i 

7.42846E-44 

9.44157E-75 

1 * 8883 IE-74 

102 

3.63948E-01 

2*11 545E— 44 

2 • 68873E-75 

5.3 7 747E-75 



APPENDIX p 


AN ESTIMATE OF THE QUANTITY (ip + i B ) 

The manufacturer's measurements of the particular Amperex 56DUVP 
phototohe used in these experiments indicated that 

i-Q ^ 2-4 x 10 amperes 

The value of i B is calculated from the relationship 

i B = t]-7^A AAR a 


where 


^ is the solid angle of the receiver ~ 3-1 X 10~5 steradians 

A A is the passhand of the interference filters ~ 35 A 

-a o i° i ( 3^,35) 

R^ is the night sky radiance ^ 10 y watts m^ster^A"- 1 - 

T] is the cathode sensitivity ~ 0.04 ampere watt" 1 

y is the optical efficiency ~ 0-3 


and 


A is the area of the receiver = 0.13 meter^ 
Using these values, 

ig ~ 1.7 x 10 ^ amperes 
Therefore, a reasonable estimate is 


(ijj + ig) ~ 2 x 10“^ amperes 
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